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CENTRA Y 





PREFACE 


The idea of writing a book on Semi-Micro Qualitative Inorganic Analysis primarily originated 
from the deliberations of the seminar on "Chemistry Honours (1151) Curricula” organized 
by the Under Graduate Board of Studies in Chemistry in collaboration with the Department of 
Chemistry, University of Calcutta on March 23, 2006, for restructuring the syllabus of Chemistry 
Honours course, to meet the requirements of the three part B. Sc. (Honours) Degree Examination, 
subsequently introduced in the University from the 2006-2007 academic session. Chemistry 
Honours practical course under the (1141) system has now been divided into three parts: 
Part-I (First year) > (Paper-II : Group-B, 50 Marks) : 

Elementary Physical Chemistry Experiments and Qualitative Organic Analysis. 
Part-II (Second year) ғ (Paper-IV : Group-B, 50 Marks) : 

Qualitative Inorganic. Analysis. 

Part-II! (Third year) : (Papers-VII + VIII) Combined (200 Marks) : 

Group-A : Advanced Physical Chemistry Experiments, Group-B : Advanced 

Inorganic Chemistry Experiments (Quantitative Inorganic Analysis), Group-C : 

Advanced Organic Chemistry Experiments (Typical Organic Reactions, Quantitative 

Analysis of Single Organic Compounds and Chromatographic Separations). 

The book entitled, University Hand Book of Under Graduate Chemistry Experiments 
(compiled by Prof. S.B. Chakraborty of R.K. Mission Vivekananda Centenary College, Dr. D.K 
Hait and Dr. S.K. Mukherjee of St. Paul's Cathedral Mission College, Dr. S.N. Bhattacharya 
of the Department Chemistry, C.U., Dr. Rana Sen of Scottish Church College, and Dr. N.C. 
Ganguli of the Department of Chemistry of Kalyani University and edited by the present author), 
published by the University in 2003, covers the entire practical course of Chemistry Honours 
Part-II] Examination (Papers VII+VIII), the Elementary Physical Chemistry Experiments (Part 
of Рарег-11 Group-B) of B.Sc. Part-I Chemistry Honours Practical Examination and also the 
practical course on Application Oriented Chemistry of the Chemistry (Elective) Paper-IV (Part- 
B) of B.Sc. Part-III (General) Degree Examination under the (1+1+1) examination system. 

The present book covers the entire practical course (Paper-IV : Group-B) of B.Sc. Part- 
11 Chemistry Honours Practical Examination as well as the Qualitative Inorganic Analysis (Part 
of Practical Рарег-Ш) of the B.Sc. Part-II General Degree Course Examination in Chemistry 
(Elective) under the (1+1+1) examination system. The book has been divided into 10 chapters. 
The introductory chapter (Chapter-1) emphasizes the high degree of precision and sensitivity 
that could be achieved in semi-micro tests and their advantages over the commonly practiced 
macro analysis with regard to cost effectiveness, health hazards and environmental 
considerations. Theoretical basis of the chemical ractions involved in qualitative inorganic 
analysis have been discussed along with examples and exercises in Chapter-2, which also covers 
a major part of the Unit-3, entitled, “Aspects of Inorganic Reactions” of Group-A of the 
Chemistry Honours Theoretical Paper-I! of B.Sc. Part-I Examination and also a part of Unit- 
3 of Chemistry (Elective) Paper-Il of B.Sc. Part-I! (General) Examination under the (1+1+1) 
system, Techniques and methodologies, apparatus and reagents required for qualitative inorganic 








analysis with illustrative diagrams have been detailed in Chapter-3. Chapters-4 and 5 deal with 
the reactions and semi-micro tests of the individual cation and anion radicals respectively, 
included in the Chemistry Honours Practical (Paper-IV : Group-B) and also Chemistry (Elective) 
Practical Paper-IIl, theoretical Paper-I (Unit-4, Part-c) and Paper-Il (Unti-4, Part-c). These 
should also cover the equivalent curricula of most other Universities in India, Methods of 
detection. of cation and anion radicals and identification of insoluble materials in known 
inorganic samples by preliminary examinations and by systematic and semi-micro tests have 
been discussed in Chapters-6 and 7 respectively. Semi-micro tests for the radicals derived from 
some rare elements have been discussed in Chapter-8 to meet the requirements of PG Chemistry 
Curricula, recommended by the U.GC. (2001) and duly adopted by Calcutta University and 
most other Universities in India. Chapter-9 deals with the qualitative analysis of unknown 
inorganic samples by semi-micro tests, providing an outline of the procedure for recording the 
experiments and observations, formulating the inferences and assigning the probable 
compositions. In the concluding chapter (Chapter-10), applications of spot ractions for detection 
of trace quantities of some selected elements in real samples have been briefly discussed. Some 
relevant physical constants, lists of common and special reagents required for qualitative 
inorganic analysis. including the methods of their preparation are given in the Appendix, A 
list of reference books is added at the end. 

The book is expected to fulfil the long standing need of a comprehensive text on semi- 
micro qualitative inorganic analysis for the B.Sc. Chemistry (Honours and General Standards) 
of our University and also for Chemistry Major or equivalent standards of other Universities 
in India. It would also serve as a hand-book of qualitative inorganic analysis for the PG level 
Chemistry Curricula of most Indian Universities. Suggestions for further improvement of this 
book are most welcome. The author would highly appreciate the users in pointing out printing 
errors, omissions, repetitions, if any, so that these could be taken care of in the future editions. 

| am grateful to the authority of the University of Calcutta for publishing this book from 
the University Press, It had been my good fortune, during my PG studies at the University College 
of Science, to have come in contact with exceptional and inspiring teachers like, Late Prof. N.N. 
Ghosh, Late Prof. K.L. Roy, Prof. H.K. Saha and Prof. P. Bandyopadhyay, who through their 
teaching and laboratory sessions, had planted the seeds that grew into the present volume. | had 
been immensely benefited by numerous questions put forward to me by my students who did 
never allow me to relax with the false feeling of “knowing every thing". My sincere thanks 
are due to my colleagues, Prof. S.K. Bose, Prof. S.S. Mandal and Prof, S.K. Kar for learned 
discussions and to Dr. T.K. Roychaudhuri (Charu Chandra College), Dr. B.N. Mallick (Bangabasi 
College), Dr. Sadananda Bhattacharya (Scottish Church College) and Dr. D.D. Mukherjee 
(Mahadevananda Mahavidyalay) for encouragement. | am grateful to Mr. Manas Sutradhar and 
Miss. Tannistha Roy Barman, Research Scholars, for computer designing of some of the diagrams 
and searching the internet and to Mrs. Ranjana Dutta, Technical Assistant, for help. 


University College of ба | @ N: Mukherjee 
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CHAPTER - 1 


Introduction 





1.1 Qualitative Analvses 


The term "Qualitative Analysis” refers to those analytical methods whose goal is to “detect” 
individual elements, rons, (called radicals) present in a substance. On the other hand. the 
analytical methods whose prime objective is to determine (or estimate) the quantities of 
individual elements or components of a substance are called "Quantitative Analysis ". Both 
these analyses maybe carned out by a variety of methods ranging from chemical, through 
physicochemical to physical, The chemical methods of qualitative analysis involve some 
chemical transformation of the element or jon of interest into some new compound or a material 
having specific properties such as colour, solubility or insolubility, physical state ete., which 
are distinctly different from those of the substance (sample) under experiment (fest) and also 
different from those of the chemicals (reagents) added if any. 

Qualitative analyses are distinguished as macro, semi-micro and micro analyses on the basis 
of techniques and methodology of approach and also on the basis of amounts of the substances 
detectable or amount or volume of the sample used for analysts. 


Table-1.1 : Types of Qualitative Analyses 


| Macro | Semi-micro 


Characteristics 


















Amount of substance 






































Weitht 20 — 50 mg 

Volume 0.1] -iml 
Identification 

limit* I0 — 200 y 10 y 
Apparatus Beakers Filter paper strips | Micro slides 

used Flasks Spot plates Microscopes 

Test tubes Micro crucibles 
Microtubes | 

Separation Filtration Centrifugation Crystals examined 












Capillary separation | under microscape 


with Filter 
paper 


Precipitation 


techniques 










Procedure! | Micro crystallography 









Reactions Colouration Drop methods 
Gas evolution Spot tests 


Gama (y) = 10 ^ g = microgram ug. 
* (of p. 3) 





Spot test techniques are termed as semi-micro tests. Spot tests are very convenient techniques 
of detection of elements or ions (radicals) present in ores, minerals, alloys, water, soil and 
air samples and other complex materials. Spot tests conducted on filter paper are advantageous 
in may respects: 

(1) offfer unexpectedly high sensitivity, 

(it) detection of individual components are possible in most cases, 

(iii) it is often possible to detect more than one components present in a sample by a single 
test (or reagent), 

(iv) it is often possible to avoid separation of one component from the other, 

(v) amount detected (detectable minimum) is so small that micro analytical goal is reached, 

(vi) operations are very clean and quick. 

However, meeting the following requirements are extremely essential for obtaining correct 
and maximum information about the composition of a sample by spot test analysis. 

(1) Sound knowledge of chemical basis of all the reactions involved in qualitative analysis, 

(ii) Strict observance of trustworthy experimental conditions, 

(11) Serupulous cleanliness of the laboratory and equipment, 

(iv) Highest purity of the chemicals (reagents) to be used, 

(v) Blank runs (tests)/control experiments to ensure reproducibility and check contami- 
nation from reagents and environment. 


1.2 Terminologies 


Depending upon the chemical and physical propertes of the reactants and products, for every 
chemical reaction, certain definite experimental conditions regarding temperature, medium 
(solvent if any) and concentration are to be maintained, otherwise the reaction does not take 
place at all. Therefore, any conclusion regarding the presence or absence of certain element, 
ion (radical) drawn from the observations from ill conducted reactions may be erroneous. 

For a detectable observation in a chemical test, particularly those conducted in solutions, 
the concentration of the material under test should be appreciably high. At very low 
concentration, a particular reaction may fail to produce any observable change. Suppose a 
chemical test is based on the formation of a precipitate. A precipitate is formed only when 
the solution is saturated with the particular substance. A substance of very low solubility 
(sparingly soluble) is precipitated even from a very dilute solution of the ion to be detected. 
The term sensitive is used to indicate those reactions (tests) which can bring out detectable 
change at very low concentration. The smaller is the amount of the material detected, or lower 
is the concentration of the substance producing a detectable change, the higher is the sensitivity 
of the test. If the solubility of a precipitate is appreciable, it is precipitated only when the 
concentration of the particular ion in the solution is high. Consequently, sensitivity of the test 
will be low. In similar manner, we can judge the sensitivity of other types of reactions involved 
in qualitative chemical analysis, viz, colouration in solution, or on filter paper strips, colouration 
of flame, colouration or decolourization of reagent papers by test solutions or gases evolved 
from a reaction of the sample with a reagent. 
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Sensitivity of a chemical test may be quantitatively expressed by two inter connected terms: 
(1) Identification limit or detectable minimum, i.e. the samllest quantity of a material that 
can be detected by a test, with no reference to the concentration of the material, 
(ii) Concentration limit or dilution limit, i.e the lowest concentration of the element or, 
ion at which it can be detected by the reaction (test), with no reference to the quantity 
of the material. 
For expressing the sensitivity of a chemical test and also for comparing the efficiencies 
of different chemical tests conducted in solution, the following expression, 
x [S] v 
is quite useful, where, the symbols x, S and v have the following meanings: 


S = technique employed for the test (reaction), i.e, reactions in test tubes, on spot plates, 
on filter paper strips etc., 


y * volume (in m/) of the test (sample) solution used for the test (reaction), 


x = amount (in microgram, 109 g, y)* of the material dissolved in volume y, which is 

revealable (detectable) by the particular technique S, i.e, limit of identification. 

If the limit of identification ‘x’ and the volume ‘y’ of the solution used for the test are 
known, it is possible to state the concentration (or dilution) of the solution with respect to 
the material i.e, element, ion (radical) being shought or detected. This is the concentration 
limit or better in its reciprocal sense, dilution limit of the test. Dilution limit is expressed as 
the ratio 1:G, where, G is the weight of the solvent per one part by weight of the substance 
or ion to be detected. 

The dilution limit, the volume ‘у’ of the test solution and identification limit ‘x’ of a chemical 
fest are interconnected by the following relation: 


A UND » = ү; Yolume ofthe test solution (in mi) , |o 
Dilution limit (l: G) = '* ^ Timit of identificaiton (in y) 


y.10^ 
(1:6) = | — 
T 
; c JU 
x 
УЛ à 


Thus, identification limit (x) of a chemical test may be calculated from the concentration 
(i.e. reciprocal of dilution) of the test solution and the particular volume (у) of the solution 
used in the test. Limit of identification of a chemical test may be determined by starting with 
a test solution of known concentration and systematically diluting this initial solution and 





* Gama (y) = 10% g = microgram ug = 0.001 mg 
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conducting test with the diluted solution until the solution fails to produce the detectable 
observation. 


Examples (1.1) 


(1) To determine the sensitivity of Prussian blue test for Fe?" ion, according to the reaction, 
14 . -- 4 ' " E ` 
4Ее + XFe(CN)4 | =» Fes[FelCN)gh 


the test was conducted with a solution of FeCl,.H,O containing 1g of Fe** ion (i.e, 3.23g 
of FeCl,.H,O) per litre. The test was positive even when the solution was diluted to 400 
folds, but on further dilution the test became unreliable, Find the limit of identification 
of Fe*' and dilution limit of this reaction, if it is carried out with a drop of the solution 
measuring 0.05 m/ in volume, 


weightofFe" — — | 
weight of water — 400,000 


d - | 
Dilution limit = G = 


. 400,000 m/ of the solution contains le of Ее?" 


; TEN О | 
- 0.05 ml of the solution contains = 255505 & of Fe?* 


Volume x 10° — y.10^ 


^A Limit of identification x = ——— = — 
Dilution limit G 





1x 0.05 x 10° 
~ 400.000 


= 0.125 ug of Fet = 0.125; of Fe** 


(2) Identification limit for nickel by the dimethylglyoxime test is 2.8 jig/2 ml. What is the 
dilution limit of the test? 


Voliml) x 10" — 2x 10° ? 
Dilution limit (G) = ода) хл. = — = 714,286 


g of Fe™ 


^ Dilution limit is | : 714,286 i.e., 1 in 714,286. 

Sensitivity of chemical tests vary within wide limits depending upon the technique and 
methodology applied in conducting the test, and also on the presence or absence of certain 
extraneous materials, which may influence the solubility of a precipitate or provide proper back 
ground or surface, suitable for a particular reaction (test). As for example, addition of non- 
electrolyte or relatively non-polar solvent such as alcohol to water, lowers the solubility of 
ionic solutes in water. With reactions of higher sensitivity, it is possible to detect very small 
amounts of various ions even using smaller volumes of the test solutions. Of course, with too 
high sensitivity, there is danger of being mistaken by the traces of contamination in the reagents, 
of the ion being detected. The problem may be overcome by performing blank tests under 
the same condition adding all the reagents except the test solution, 
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In addition to sensitivity, the specificity of a reaction (test) has great significance in qualitative 


analysis. Reaction of a reagent which under a particular experimental condition indicates only 
one substance is called specific, whereas, those which indicate a comparatively smaller number 
of substances are classified as selective, There are many reactions (reagents) which are more 
or less selective, whereas, a reaction (reagent) may be either specific or non-specific. Specific 
reactions are not very numerous, whereas, selective reactions are more common. 


Examples (1.2) 


(1) Evolution of NH, on heating ammonium salts with caustic alkali is a specific test for МН, ". 


(2 


— 


since no other radical except NH,* evolve NH, on heating with caustic alkali, 
NH,CI + NaOH — NaCl + NH,7 + H,O. 


When nitrate, nitrite and ammonium salts are heated with caustic alkali in presence of 
Zn or Al metal, ammonia is evolved (cf. Sects 4.24, 5.1, 5.2 and 6.11). In this test, nitrate 
(NO,~) and nitrite (NO,~) ions are reduced by Zn/Al metals to NH,.NH,'-salts on reaction 
with alkali also evolve NH, gas. Thus, this reaction is not specific for either of the three 
ions NO,-, NO, and МН“, although it maybe regarded as a selective reaction (test) for 
МН”, NO," and NO, ions. 

Sensitivity of many reactions in qualitative analysis are often greatly increased by the 
utilization of catalytic actions and induced reactions, produced by very small quantities 
of some other substances, However, these are limited to some definite reaction systems 
only. Such catalytic actions obviously possess specificity and sensitivity. 


Examples (1.3) 
(1) Jodine-azide test for alkali sulfide, thiosulfate and thiocyanate 


(2 


— 


The brown colour of iodine solution in KI is slowly decolourised in the presence of sodium 
azide (NaN,) with evolution of N, gas, 


1, + 2NaN, — 2Nal + 3N,7 


On addition of even trace amounts of alkali sulfide, thiosulfate or thiocyanate, the above 
reaction is catalysed and the iodine colour is instantaneously discharged with effervescence 
due to evolution of N, gas. 


Tetrahvdroxoplumbate (11) ion, РОН M-. is so slowly reduced by tetrahydroxostannate 


(1), Sn OH H - ion, that the black precipitate of metallic lead is not observable even within 


an hour. In presence of traces of bismuth salt, however, the reaction is greately accelerated. 
at the same time metallic bismuth is also precipitated as finely divided black material. 


[Pb(OH),]" + [Sn(OH), P^ 29» Pbl + [SOH)I" + 20H 
Bit + JOH- =  BiOH)j 
[ Pb(OH), J^ + 2ВІКОН), { + 4fsn(OH), P > Pb] + 2811 + 4[Sn(OH), + 20H" 
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This is not exactly a catalytic reaction, it is actually an induced reaction, since the inducer 
«4 А j | ; 4 : 1 ч 
(Ві?) ion is also used up in the course of the reaction and is not regenerated as in a 

catalytic reaction 


(3 


C— 


Blood red colour of the complex, Fe'(SCNy"* ion, is slowly discharged on addition of 
alkali thiosulfate. The reaction rate is highly accelerated in presence of traces of Cu" salt, 
and instantaneous decolourization of the red colour takes place. 


The blood red coloured complex, Fe(SCN)** ion, very slightly dissociates to produce 
small amounts of Fe^* and SCN- ions. Fe?* ion rapidly reacts with thiosulfate (S4057) 


ion to produce a transient deep violet coloured complex, Fe(S,O.)," ion, which, however, 
reacts with Fe?” ion quite slowly. 


Fe(SCN)** == Fe?* + SCN- 
Fe" + 25,057 = Fe(S,0,),- (rapid) 


Ре?" + Ее(5,0,),- — 2Fe** + S,02- (ом) 


In presence of traces (~ Ту) of Cu?* ion, the last reaction is accelerated, as Cuꝰ is reduced 
to Си? by coordinated $4047 ion, which also reduces the Fe?* in the complex, Fe(S,0.), 
ion, to free Fe™ ion, 


Fe(SO,)," + Си?* 2 Cut + Fe? + S,07 (rapid) 


Си“ thus produced, reduces Fe?* ion extremely rapidly and itself is oxidized back to Cuꝰ 
Fe* + Cut 2 Fe** + Сиг" (rapid) 
Since Cu^' is regenarated, this reaction can be called as a catatytic reaction. 
(4) Redox reaction between methylene blue and hydrazine is immeasurably slow. In presence 
of molvbdate (Моо ) ion, the reaction takes place extremely rapidly and the blue colour 
of methylene blue is discharged instantaneously. The basis of this catalytic reaction is that, 


hydrazine first reduces Mo (in MoOj" ion) to Mo" which reduces methylene blue to 
methylene white and itself is reoxidized back to MoV!, which is again reduced to Mo" 
by hydrazine. (cf Sect. 8.8) 

(5) Reduction of malachite green to colourless leuco malachite green by Ti'"'-chloride is very 


slow. The reaction is acclerated in presence of tungstate (WO?) ion. The basis of catalytic 


action of WV! is that, WV! is first reduced by Ti to WY, which quickly reduces malachite 
green to leuco malachite green and itself is redoxidized to WV!, which is again reduced 
by Ti. 
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1.3 Methods of Semi-Micro Tests 


Semimicro tests may be applied in a number of different ways. The choice of procedure 
for a particular test (reaction) depends upon the sample, nature of the reagent and properties 
of the reactant ions and the products formed. Following procedures are commonly applied in 
conducting. semi-micro tests; 

(!) Bringing together one drop of the test solution and one drop of the reagent solution 

on à filter paper strip or on a spot plate or on a glass plate or a porcelain crucible. 

(it) Filter paper or asbestos or gelatine, impregnated with the reagent solution, 15 treated 
with a drop of the test solution | 

(11) One drop of the reagent solution 15 brought into contact with the powdered solid sample 
or evaporation or ignition residue. 

(iv) Gaseous product liberated due to some reaction with the solid sample or test solution 
is subjected to action with a drop of the reagent or a strip of reagent paper. 

(v) One drop of the test solution is added to a large volume (0.5 - 2 mf) of the reagent 
solution and finally the product is extracted with an organic solvent immiscible with 
water. 

It is found that tests carried out on filter paper show higher sensitivity than the same tests 

carried out in test tubes, 


Examples (1.4) 
(1) Dimethylglyoxime test for Ni(II) when carried out in a test tube shows an identification 
limit of 2.8 ug/2 ml and a dilution limit of around | : 700,000. But when the same test 


is carried out on a filter paper strip. it shows an identificaiton limit of 0.015 44g/0.05 т/ 
and dilution limit of 1 : 3300,000. 


(2) Dilution limits of Prussian blue reaction of Fe(III) with ferrocvanide, [Fe(CN m ion, 15 
|: 400.000 when conducted in a test tube and 1 : 700,000, when conducted on a filter 


paper. 
There are even some tests which are positive when carried out on a filter paper, but are 


negative when carried out in a test tube: 
Examples (1.5) 
(1) Benzidine blue test for Mn(II) (ef Sect. 4.16) 
(2) [Fe"(bipy);]L, test for Cd(II) (ef Sect 4.7) 
In some tests, the filter paper itself functions as а reagent. 


Examples (1.6) 


Detection of traces of permanganate MnO,” in alkali chromate (CrO1") is possible by 


spot test on a filter paper. When a drop of a solution containing a mixture of KMnO, and 
K,CrO, is placed on a filter paper strip, MnO,” ion, due to its high oxidation power (cf Ch. 
-2), oxidizes the cellulose materials of the filter paper and itself is reduced to brown coloured 
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hydrated oxide, MnO,.H,O, which is deposited on the filter paper. On the other hand Cro% 


due to its lower oxidizing power, does not react with the filter paper, and can be washed out 
by water. This permits the detection of 0.3y of KMnO ‚ їп presence of as high as 20,000у of 
KCrO, 

Much higher sensitivity may be achieved in spot tests using filter paper impregnated with 
the water soluble reagent or using a water insoluble reagent or using a water insoluble reagent 
acting as an ion donor. 


Examples (1.7) 


Test sample Reagent Identification limit (y) 
(1) Си" K[Fe(CN),]| (solution) 0.5 
K2n,[Fe(CN),|, (solid) 0,05 
(2) Cd(ll) Na,S (solution) 63 
ZnS (solid) 0.05 
(3)  Mo(VI) Potassium ethylxanthate (solution) 0.2 
Zinc-bis(ethylxanthate) (solid) 0.01 


Sensitivity and specificity of spot tests on filter paper can be further improved by applying 
chromatographic and iom-exchange separations and electrophoresis techniques. Filter paper 
impregnated with acidic or basic alumina can accomplish the same type of chromatagraphic 
separation as done with alumina columns. Cations and anions are fixed at separate zones of 
the paper when a solution containing them are allowed to ascend a strip of alumina paper. 
Finally the adsorptively separated materials may be detected by developing the separated zones 
using suitable reagents. Efficiency of paper chromatographic separation can be further 
improved by applying electrophoresis technique. In presence of a suitable reagent, if some of 
the consituents of a sample exist as cationic species, some constituent as anionic species and 
some other constituent form electroneutral species, then during electrophoresis, using a 
horizontal filter paper strip soaked in the reagent solution, the cationic species move toward 
the negative electrode (cathode), anionic species move toward the positive electrode (anode) 
whereas, the electroneutral species do not move on either side, but remain fixed at the centre, 
at the point of application of the test solution on the filter paper. Applying mutually 
perpendicular electric and magnetic fields, separation maybe created among the metal ions of 
same charge but differing is the number of unpaired electrons. Metal ions with highest number 
of unpaired electrons are most strongly paramagnetic and are most strongly attracted by the 
applied magnetic field. As a result, the paramagnetic ions move slowly over the horizontal 
filter paper strip in the parpanticular electric and magnitic fields. This technique is very useful 
in the separation between transition and non-transition metal ions, separation: among: transition 
metal ions of same or different charge types but differing in the number of u 
which are responsible for the magnetic properties of a metal ion. 


x 
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It, therefore, appears that spot tests are very useful for preliminary examinations, which 
should be carried out before proceeding to systematic analysis of cations and anions. The 
radicals indicated in the preliminary tests are to be complemented by wet tests and confirmed 
by unambiguous confirmatory tests. The preliminary tests are useful tools in obtaining general 
information regarding the nature of the sample. These results are important in establishing the 
presence or absence of certain substances, in making intelligent choice of solvents etc. Spot 
reactions are often successfully applied directly on the solid sample or to the solution of the 
sample or on the evaporation residue of the liquid samples. 
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CENTRA, 


CHAPTER - 2 






Theoretical Basis of Qualitative 


. . 
Inorganic Analysis 
T 
2.1 Acid-Base Equilibria in Aqueous Solution 
(а) Bronsted-Lowry Concept 
According to Brónsted-Lowry concept, an acid (A) is a substance that can donate a proton 
(Н) and a base (B) is a substance, that can accept a proton: 
"HEU. o ee (1) 
The deprotonated component, B, is called the conjugate base of the acid, A. Similarly, 
the protonated component, A, is called the conjugate acid of the base B. In fact, an acid 
(А |) can show its proton donor property (acidic reaction) only when there is a proton acceptor 
(base, B.), similarly a base (B,) can show its proton acceptor property (basic reaction) only 
in the presence of a proton donor (acid, А |). In other words, each acid-base reaction involves 
а pair of acids and a pair of bases, i.e., two acid-base pairs (А,, B, and A,, B,): 
A, sk H* * B, 
B +H =: А, 
ah SEU ee g же злу. шшш С» (2) 





The acid A, may be considered as a strong acid, if its proton donor ability is stronger than 
the proton acceptor ability of its conjugute base В|. Similarly, the base B, may be considered 
as a strong base tf its proton acceptor ability is stronger than the proton donor ability of its 
conjugate acid A,. Thus, of the two acid-base pairs involved in an acid-base reaction (2), the 
stronger components of the two pairs react and the weaker components of the two pairs are 
formed. 

Liquid water H,O(/), because of its amphoteric nature, can act as a proton acceptor, as 
well as a proton donor. 


A, + B, = A, + В, 
Н+ Но = НО" 
НО Неон 


H,O + H,O EA H.O* * OH- 
Thus, equilibrium (3) may be called as the autoprotolytic equilibrium of water. 
» The H,0° ion and ОН ions are further solvated, [H(H,O),]*, n = 1 — 6, and the process 


| | 


* ` 





s 50 rapid (~ 10 ^S) that the equilibrium is established instantaneously, The equilibrium constant 
(К) for autoprotolysis of water may be defined as, 


[H,0' oH" | 

К= ; 
[H50] 

The molar concentration of water is very large compared to the concentrations of HO" 
and ОН” ions, [since, density of water = tg mf'!, therefore, 1000 ml of water = 1000 g. of 
НО. Hence [H O(h] = (1000/18) = 55.5 mol. lirt) 

So, ionization of water according to equilibrium (3) can hardly alter the concentration of 
Н,О molecules, which practically remains constant and it is possible to define ionic product 
of water (К) as a constant. 

к, = K[H,OF = [H,O^] [ОНГ] mof lit ?. 

Like all equilibrium constants, the value of К, also depends upon temperature: 

Temperature (C°); 0) 25 100 

К * 101 (mol*lir?):: 0.69 1.00 47.6 

At any temperature, [H,O*] = [OH™]. At 25°C, К = 10714 mof lir?, therefore, 

[H,O*] = [OH] = 10° mol lir". 

When the proton donor ability of a solute is stronger than that of water, the proton released 
by the solute is stabilized in the form of hydronium ion (H,O") or, hydrated proton, through 


coordinate bond formation between the bare proton (Н?) and the lene pair of electrons on the 
O-atom of H,O molecule. 


А He н" 
Н + Oe = Ene) <> 25 «<» (н, 
— P ai S 
ч НҢ н H н Нн 


Such solutes act as acids in water. When the proton acceptor ability of a solute is stronger 
than that of OH” ion (conjugate base of H,O), the solute deprotonates water and shows basic 
reaction. Strong acids are completely deprotonated (i.e ionized) in water and molar concentration 
of H*, ie, H,O* ion, produced in solution 15 equal to the analytical concentration of the acid 
present in the solution. Similarly strong bases are completely protonated by water, and molar 
concentration of ОН” ion is equal to the analytical concentration of the base present in the 


solution. 
Example (2.1) (i) Strong acids : HCIO,, HNO,, HCl, H,50O,. 
(ii) Strong bases : NaOH, KOH, CaO, Ba(OH),, ete. 
Weak acids are partially deprotonated (i.e, ionized) and the weak bases are partially protonated 
by water. 


ni 








Example (2.2) 

(i) Weak acids: HF, HCN, H,S, H,CO,, H,C,0,, H,PO,, CH,COOH etc. 

(ii) Weak bases: NH,, amines ete. 

When a weak acid (HA) is dissolved in water, a deprotonation equilibrium, 

НА + HO = HO + A 

is established. The acidity of the solution depends upon the extent of deprotonation (i.e, 
degree of ionization) and may be measured by the activity (concentration in dilute solution) 
of proton i.e. hydrogen ion at equilibrium for a given analytical concentration of the acid solution. 

Similarly when a weak base such as NH, is dissolved in water, a protonation equilibrium, 

NH, + Н.О = NH," + OH” 

is established. The basicity (ie. alkalinity) of the solution, is measured by the activity 
(concentration in dilute solution) of OH” ion in the solution at equilibrium for a given analytical 
concentration of the solution of the base. 

(b) The pH-Scale 

Danish biochemist S.P.L. Sórensen (1909) introduced a Universally used measure (scale) 
of hydragen ion activity (а) (concentration [H^] in case of dilute solutions), 

pH = - logi ац" 
ic, pH = — log,, [H*] (for dilute solution). 

The symbol pH, originatid from the French clause, "puissance d'hydrogene ", meaning 
the exponent or "power of ten", was used to express the concentration. At 25°C the ionic 
product (К) of water is 10-1 mol [it 7 and so the concentrations of [H°] = [ОН] = 
107 mot! lir". That is, —— 

K, = [H*] х ſon = 10" 
ABO = [OH] = 107 


TT PN © pK, = pi diet at ar Uy n tut do г б.а 
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(М) strong acid Neutral water ГОМ) strong base 


ІН) = 1. M [H*] = [OH] = 107 M [ОН] = 1 M 
pH 0 7 14 
pOH 14 7 T 


As the strong acids and strong bases are completely ionized, p[H] and p[OH] of their dilute 


solutions may be directly obtained from the negative logarithm to base 10 of their analytical 
concentrations, 


Example (2.3) At 25°С, 


Concentration (M) : | 0.1 0.0] 0.001 0.000] 
pH (Strong acid) : 0 l 2 3 4 
pH (Strong base) : I4 3 12 H 10 


Examples (2.4) pH of solutions of strong acids: 
(1) Find the p[H] of an aqueous solution of 2 х 107(M) HNO,. 
[HNO, is a strong acid. It ionizes completely, so that, [H'] = [HNO,] = 2 х LOUM) 
г. p[H] = -log[H*] = -log(2 х 1074) = 3.699 = 3.70 
(2) 0.1 ml of 10:3M aqueous solution of HCI is diluted to 1000 ml. What will be the pH of 
the resulting solution at 25°С? 
If the final concentration of acid in the diluted solution be (НСІ), then, 
[HCl] х 1000 = 0.1 х 10*(M) 
7, [HCl] = 10 5(M) 
Since HCI is a strong acid, it will produce 107*/M) of Н“ ion in aqueous solution. But in 


this case, 
p[H] = -log [H*] * (-log [HCI] = 8) (i.e, alkaline). 


Because of autoionization of H,O molecules in liquid water according to, 
H,O = H* + OH, 

for which, К, = [H'] х [OH] = 10 14 (at 25°С) 

and [H'] = [OH] = 1077 («1 : 1 electrolyte), 


10-7 (M) of H* ion is expected to be already present in liquid water at 25*C. In the presence 
of НСІ, an additional amount (107% M) of H* ions are introduced into the solution. But the 
total concentration of H* ion is not just [1077 (M) * 105 (M)], since in the presence of completely 
ionized НСІ, the ionization of H,O is depressed due to common ton effect by Н” ion. If in 
ihe diluted solution, the concentration of the completely ionized strong acid = АГА), then the 
total concentration of H* ion will be given by, 


LI 
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[H'] =A + [OH] (due to ionization of Н,О) 





[Н] 
ог, [Н> - A[H] — K, = 0 


Е A + JA! +4K, 


"7 
— 


Here, A = 10%, K, = 10-14, - JA? 44K, = 20005 х 10° 
— — МА +4К, 10 -20.025 x 107 
t+ — т a a qmd 


5 = Negative value (absurd) 


A+ А? +4K ^50 + 2002 
[Н +) = — — 105125 x 107 M 


*. P[H] = -logiH*] = -log(10.5125 х 1075) = 6.978 = 6.98 
(c) Aqueous Solutions of Weak Acids and Weak Bases 


Since the weak acids and weak bases are only partly deprotonated and protonated in aqueous 
solution, pH | of such solutions can not be directly calculated from negative logarithm of analytical 
concentrations of these materials. Acidity or alkalinity of such solutions depends upon the degree 
or extent of deprotanation (for acids) and protonation (for bases) i.c., ionization of the substances 
at equilibrium at a particular temperature. 


(i) Weak acid solutions 
Deprotonation (ie ionization) equilibrium of a weak acid (HA) may be expressed as, 
НА = Н? + A^ .... (1) 


According to Ostwald dilution law, the deprotonation constant (i.e, ionization constant), K, 
for such an equilibrium is defined according to, 


As HA is an 1:1 electrolyte, [H*] = [A7]. If C be the initial analytical concentration of 
HA, then at equilibrium, 


C = [HA] + [A7] = [HA] + [H*] 
^. [HA] = € - [97 
Н” 
„АҢ. * 


Km 
А у hier 


14] 





Moderately weak acids are appreciably deprotonated (i.e, ionized). H* ion concentration 
of such solutions may he calculated by solving the quadratic equation (4): 
[Н]? + КН - KC = 0 ... 
obtained on simplification of the equation (3) neglecting the negative value of the root. 
For a very weak acid, for which deprotonation (ionization) is almost negligible, 


[f] << C 
^&AC-(H'Is«C 
н'| 
Ka =! — БӨЗ) 


“ef 


| | 
^ рін! = > pk, * zlogC 

Examples (2.5) 
(1) Find the pH of a 0.02 M aqueous solution of acetic acid (K, = 1.8x107? at 25°С). 

This is a sufficiently weak acid, C = 0.02 M, 

pK, = -log(1.8 х 1075) = 4.74 

NC | 
рН = 5 PK, - 5 log 


x 4.74 - 1 log(0.02) = 237 - Lor) = 237 + 0.85 = 3.22 
Considering acetic acid as a moderately weak acid, if the [H*] ion concentration is calculated 


t |= 


using the quadratic equation (4), 
[H+]? + K,[H'] - K,C = 0 .... (4) 


= Negative (absurd) 





then, [H*](-) = 


-K үк; 4K,C 
(нее = — ы - 


„ К, = 18 х 105, C = 002 (M) 


Ud K? = (1.8 х 10-5} = 324 х 10-!0 
AKC = 4 x L8 х 105 х 0.02 = 1.44 х 10-6 


"T £4K,C = 1.2 x 10? | 
s -3 
А + - —18 x 10 “p 1.2 x 10 * 591 107“ 


+, pH] = -log[H*] = -log(5.91 х 1074) = 3.228 = 323 
| 15] 
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Thus, acetic acid is a sufficiently weak acid, so that, [H*] << C at equilibrium, is à valid 
approximation. 

2) Calculate the pH of a 0.02 M aqueous solution of monochloroacetic acid (pK, = 2.63. 
at 25°C), 


pK, = 263, C = 0.02 M 
s К, = Inverse log(- рК, ) = Inverse log (-2.63) = 2344 х 10^. 


Since this is a moderately weak acid, appreciably deprotonated (ie, ionized) in aqueous 
solution, so that, (C ~ [H*]) = C. Hydrogen ion concentration of such a solution should 
be calculated using the quadratic equation (4): 


ІН + K,[H*] - КС = 0 .... (4) 
[Н (+) 2 thet eRe C4 KC йлы (*: negative root is absurd) 


K^ = (2344 х 10°F = 5.494 x 105% 
4K,C = 4 x 2344 х 10? x 0.02 = 1.875 х 107 


МК, +4K,C = 13.9 x 10? 


| NE -3 

“TH? +) = 22248077 139 x 107? 
a 9 - | 
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2 РІН] = -log[H*] = -log[S.78« 107} = 2.24 


If the p[H] of this solution is calculated assuming the acid as a sufficiently 
weak acid, the pH value will be slightly lower than the actual, 


Lok, - log C = tx 263 - 2108000) = 216. 
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Deprotonation constant (А н" ) of the base cation (ВН) may be defined as. 


_ [H^ (В 


вн“ [BH*] 
H'] : 
"LT z —— «(Н [OH] = (н? [B] [D PC 


where, C = analylical concentration of the base B. 


Ц 
ІН] КК + 


| МЫ) (р> av | 
А: АН] => pK, tz pK, +z loge 


hg 
Example (2.6) 
(1) Calculate the pH of a 0.02 M solution of ammonia in water at 25°С, [Given: pK. = 14, 


= 7 
PR au: 9.2] 


ЇН] = + pK, e pK nt + zlogC 
- — 4 © 


t 
3|— 
я 
і 


+ $x 92 + 2100002) 


7 + 46 – 0.85 = 10.75 


(d) Buffer Solutions 

Solutions of a mixture of a weak acid and one of its salts with a strong or weak base, 
or the solution of a mixture of weak base and one of its salts with a strong or a weak acid 
have the unique property of resisting the changes of pH within certain range, when small amount 
of an acid or a base is added to them. Such solutions are called buffer solutions and their 
property of resisting the change of pH is called buffer action. 


(i) Mechanism of buffer action 

If to a buffer solution consisting of a weak acid (HA) and its salt (Na^A ^) is added 
a small amount of a strong acid (HCI), which is completely ionized to produce the same 
amount of H* ion, the pH of the resulting solution remains practically unchanged due to 
buffer action. since the H* ions released from the strong acid (Н?СІ-) combine with the 
salt anion (A7), which is a strong base, as the conjugated acid (HA) is a weak acid that 
ionizes only partly. 
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HCI > Н" + CF (completely ionized) 
Na'A' — Nat + A" (completely ionized) 
Н” + А” = НА (partly ionized) 
Net reaction: НСІ + NaA — HA + Na* + СГ 
Thus, the H* ion concentration of the resulting solution does not increase appreciably even 
when small amount of a strong acid (H*CI>) is added to a mixture of НА and Na*A 
Similarly when a small amount of a strong base (NaOH) is added to the mixture of HA 


and NaA, the OH- ions released from the base combine with unionized molecules of the weak 
acid (HA), when salt (NaA) and H,O molecules are formed through neutralization: 


NaOH — Na' + OH ^ (completely ionized) 
НА + OH” — A` + H,O (neutralization) _ 
Net reaction; HA + NaOH ә H,O + Na + A 
If to a buffer solution composed of a weak base NH, and its salt NH,CI is added a small 
amount of a strong acid (НСІ), then the NH, molecules combine with protons released from 
HCI. 
НСІ > Н? + CF 
NH, + Н” = NH,’ 
Net reaction: NH, + HCl — NH," + СГ 
If a small amount of a strong base (NaOH) is added to this solution, the OH™ ion released 


from the strong base takes up a proton from the NH,” ion, which is the conjugate acid of 
the base NH,. 


NaOH — Nat + OH- 
NH,” + OH” = H,O + NH, 
Net reaction: NH," + NaOH — Na’ + H,O + NH, 


(ii) pH of buffer solutions 
Suppose a buffer solution is composed of a weak acid (HA) and its salt (NaA) with a 
strong base NaOH. In aqueous solution, the weak acid HA is partially ionized, 


HA = H” + А... (1) 
The ionization constant K, is defined as, 


The salt NaA is completely ionized, 
NaA — Na* + A^ .... (2) 
If ‘a’ mole of HA is mixed with '5' mole of NaA and the resulting solution is allowed 


| | 
| 





to attain eqilibrium, then, the equilibrium concentrations of unionized acid (HA) and the anion 
(A`) will be given by, 


[HA] = а = [H*] 
[A] = 6 + [H'] 
Substituting these values in the expression for K , one obtains, 
_ (H* ^ +[H*)) 
К, "i + лар (3) 
(a -[H p 


Since the acid HA is a weak acid, in presence of the completely ionized salt (NaA ), ionization 
of this acid will be greatly depressed due to common ion effect of A^ ion, so that, without 
any serious error, the equilibrium concentrations of unionized acid, HA and the salt anion, A^ 
may be taken as, 


[HA] = a (i.e, analytical concentration of the weak acid) 
[A>] = b (i.e, analytical concentration of the salt). Therefore, 


of, 


| h 
^ p[H] = pK, + log-- 


Salt] 
ie, p[H] = pK, + logie — (4) 


This expression is the well known Handerson-Hasselbalch equation. 


p[H] of a buffer solution composed of equimolar concentrations of an acid and its sait, 
is exactly equal to pK, of the acid, i.e when, [Acid] = [Salt] 


p[H] = pK, ..... (4a) 
If a small amount (x mol./it."" provided x << a, x < В) of a strong acid (НСТ) is added 
to this buffer mixture, then due to buffer action, the equilibrium concentrations of HA and A- 
become, 
[A] = (5 - x) 
[HA] = (a * x) 
and pH of the buffer solution at this condition will be, 
-xX 
рН] = pK, + logi E = — (4b) 
Similarly if the same (x mol. lit. ~") amount of a strong base (NaOH) is added to this buffer 
mixture, the equilibrim concentrations of HA and A^ become, 
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[HA] = a - x 
[A] = b * x 
and p[H] of the buffer solution under this condition is given by, 


H K | —— 
pl | Р, S (a "x 


s» (4с) 

If a buffer solution is diluted, its p[H] remains practically unchanged, as the ratio of equilibrium 
concentrations of of the unionized acid, HA. and the completely ionized salt remains unchanged. 
Examples (2.7) 


(1) Find the p[H] of a buffer solution composed of 0.2 M hydrofluoric acid (pK, = 3.2) and 
0.4 M sodium fluoride. If 50 m? of this buffer solution is diluted to 100 ml. what will be 
the pH] of the diluted buffer solution? 


[Salt | 
p[H] = pK, * log [Acid] 


= 32 + log| 33] = 3.2 + 0р2 = 3.2 + 0301 = 3.501 


50 х 02 





Concentration of НЕ in the diluted solution = 100 M = 0.1 M. 
, | ucc cn S ЫЧ 
Concentration of NaF in the diluted solution = 100 М = 0.2 M 


^ p[H] of the diluted buffer solution will be, 


p[H] = 3.2 + юр 07 = 32 + log2 = 3.2 + 0301 = 3.501 
Thus, pH of the buffer solution remains unchanged on dilution. 


(2) In what molar proportion should sodium acetate and acetic acid be mixed for preparing 
a buffer solution of pH 4.5 at 25°C? [Given for acetic acid: К, = 1.8 х 1077] 


К. = 18 х 105 
7. pK, = -log К, = -log(1.8 х 10-5) = 4.74. 


Since the buffer solution will be composed of a weak acid (acetic acid) and its salt with 
a strong base, the p[H] of this buffer solution may be expressed by Handerson-Hasselbalch 
equation, І 


Salt 
рН] = pK, + ede 
acetate 


SS 7A = 4.74 + log а id] 
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| [acetate] — | : 
ор Tacetic acid] ^ (49 — 4.74) = -0.24 


‚ [acetate] _ 
"f [acetic acid] = [nverse log(—0.24) = 0.575 
(3) How much sodium acetate trihydrate and glacial acetic acid [sp. gr. = 1.044, 17.4 M] should 
be mixed for preparing | /itre of a buffer solution of pH 4.5, which would be 0.5 M in 
acetic acid? [Given: pK, of acetic acid = 4.74]. 


From previous example (2), for a buffer solution of p[H] 4.5, consisting of acetic acid 
and sodium acetate, the molar ratio of acetate : acetic acid = 0.575, 


[Sodium acetate} 
[Acetic acid] 


^. [Sodium acetate] = [Acetic acid] х 0,575 = 0,5 M х 0,575 = 0.288 M 


Glacial acetic acid is 17.4 M. If V ml of glacial acetic is required for 1000 m! of 0.5M 
acetic acid, then, 


Lë., = 0575 


V = т" ml = 28.7 mi 
Formula weight of sodium acetate trihvdrate: 
CH,COONa,3H,O = 12 + (1x3) + 12 + (16х2) + 23 + (18х3) = 136 
1000 mí of M sodium acetate = 136 g of CH,COONa3H,0 

*. 1000 ml of 0.288 M sodium acetate = 136х0.288 = 39.17 = 39,2 g of CH,COONa3H,0, 

So. | litre of an acetic acid-acetate buffer solution of p[H] 4.5, that is 0.5 M in acetic 
acid, can be prepared by dissolving ~ 39.2g of sodium acetate trihydrate in water and adding 
~ 28.7 mi of glacial acetic acid into it, then diluting the mixture with water to 1 litre and mixing 
uniformity. 

p[H] of a buffer solution consisting of a weak base, NH, and one of its salts with a strong 
acid, such as NH,CI, can also be calculated using Handerson-Hasselbalch equation. The salt, 
NH,CI is completely ionized: 

NH,CI > NH; + СГ 


NH,” ion serves as the weak acid, whereas, the CI- ion has practically по basic character. 
since it is the conjugate base of a strong acid, HCI. Thus, the combination of NH,” ion derived 
from NH,Cl and NH, forms the buffer mixture. NH,* ion ionizes as a weak acid, 

NH,” = Н" + NH, ( [H'] = [NH 

NH, added to the mixture, will combine with protons to form NH," ion. If ‘a’ mole of 
NH, Cl is mixed with “6° mole of NH,, then, after the attainment of equilibrium, the concentrations 
of NH,” ion and NH, will be : 


eS otuo mi 








[МН] = а - [Н]. 
[МН‚] = 6 + [H°]. 


[HINH] _ [H6 « [H*) 
[Мн] (a - [H°] 

Since NH, i is a weak base, its protonation equilibrium to form NH,” ion will remain greatly 
depressed in presence of completely ionized salt, NH,CI, producing NH,” ions, due to common 
ion effect of the latter. Thus, the equilibrium concentration of NH, may be taken as its analytical 
concentration, '^' and that of NH,* ion as its analytical concentration, ‘a’ without any serious 
error. 








Кын = 


Therefore, rearranging the expression for Кун, one obtains, 








Le, ДН] = pRyy, + og al 


ог, p[H] = рК, + log(5) 


Examples (2.8) 
(1) Calculate the pH of a buffer solution which is 0.5 (M) in NH, and 0.25 (M) in NH,CI. 
[Given : pRyy, = 926]. 


Н] = pKny, + log EI 
ntH] бе ЮКЕ, 


= 926 + log( C$ ]= 926 + log 2= 9.56. — 2* 





mun pw —— salt is dissolved in water - the vo ume of t th | зо — n Ж | 





^ Concentration of NH 4С! in the 250 ml. solution is 


Е 5 х 1000 
250 x 535 


n [МН] = 0.374 (M) 


„ЇН“ИМНу] _ (HT. |. рне = рын.) 
[NH}] [мн] 


(M) = 0.374 (М) 


Мом, K NH4 








Je | + 
- АН] => PK yy, = log [NHT] 


T | 43 — 
= 5 (9.26) — log(0.374) = 4.84 
(3) In what molar proportion should NH, and NH,CI be mixed for preparing a buffer solution 
of of p[H] = 10? [Given : рКын, = 9.26] 








[NH ;] 
— log 
p[H] = Р NH4 * "ын 
; [NH;] ; 
. log —-[plH] - pK 
EHI] (p[H] — pK, | 
[МН ;] 





ү, — | nt 
[NH}] Inverse log (p[H] P NH ) 


= Inverse log (10 — 9.26) = 5.495 = 5.5 
х [NH] [МН] = 55 : 1 
(4) How much NH,CI and liquor ammonia [sp.gr. = 0.88, 15 M] should be mixed for preparing 
| litre of a buffer solution of p[H] 10, which would be 1.3 M in NH,CI? [Given: р Кмн, = 
9.26] 
For a buffer solution of p[H] 10 consisting of NH, and NH,CI, the molar ratio of (NH, у 
[NH,*] = 5.5 [see the solution of example (3)] 
Since, [NH,*] = [NH,CI] = 1.3 M. 
^. [NH,] = (NH,*] x 5.5 = 13 Мх 55 = 7.15 M 
Volume (V) of liquour ammonia required: 
1000 ml of 7-15 M NH, = V ml of 15 M liquor NH}. 


M = | x n» = | | 6 
UM sm 476.7 ml of liquor NH, 


IB] 
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1000 mi! of 1.3 (M) NH,CI = (53.5 х 1.3)g of NH,CI 
= 696 е of NH,CI. 
Note: Concentration of NH, in commercial liquor ammonia solution may be lower than 
15 M due to volatile nature of ammonia, So, while preparing a NH, - NH,CI buffer solution. 
the amount of ammonia should be judged on the basis of it actual concentration in liquor ammonia. 


(iii) Buffer capacity 

The ability of a buffer solution to maintion à nearly fixed pH is called its buffer capacity. 
Buffer capacity is a measure of the amount of acid or base that the buffer solution can absorb 
without a significant change in its pH. In opposite sense, it is also a measure of the changes 
in pH on addition of a given amount of acid or base. Obviously buffer capacity depends upon 
the number of moles of the weak acid and its salt (i.e. conjugate base) or of the weak base 
and its salt (i.e conjugate acid) persent in the mixture. The greater are the concentrations of 
the two components the higher is the buffer capacity. A buffer solution shows its maximum 
buffer capacity when it is composed of equimolar concentrations of the weak acid and its 
conjugate base (i.e, salt) or of the weak base and its conjugate acid (i.e, salt), i.e, when p[H] 
of the buffer solution is equal to pK, of the weak acid it is composed of. 


Example (2.9) 

(1) 0.1 M of each of hydrochloric acid and sodium hydroxide solutions were separately added 
to the three acetic acid (HAc) - sodium acctate (NaAc) buffer solutions of following 
compositions: 

(1) [HAc] = 1.0 M + [NaAc] = 1.0 M 

(1) [HAc] = 1.0 M + [NaAc] = 025 M 

(ш) [HAc] = 025 M+ [NaAc] = 1.0 M 
Calculate the p[H] of the buffer solutions (i — iii) before and after addition of the acid 
and base solutions. Hence indicate the buffer solution of the highest buffer capacity. [Given 


pK, of HAc = 4.74]. 


p[H] of the buffer solutions (1-111) before addition of the acid and base: 
Р(Н] = pK, + келеш 
^ рН) = 4.74 + logzz = 4.74 + 0 = 4.74 
РІН) (ii) = 4.74 + log 922 = 4,74 = 0.60 = 4.14 
p[H] (iii) = 4.74 + юр 0, = 4.74 + 0.60 = 534 
p[H] values after addition of 0.1 M НСІ ([H*] = 0.1 M): 


a1 2 a 
| | 
i i 








P[H] (i) = 4.74 + log O oF = 4.74 + log? = 474 — 009 465 





РІН] (ii) = 4.74 + log 02201 = 4.74 + ор” = 4.74 – 0.87 = 3.87 


TY 40701. 2441 09 _ Sss 
p[H] (iti) = 4.74 + log 02540] ^ 474 + log o 3s = 474 + 0.41 = 5.15 
PIH] values after addition of 0.1 M NaOH (ОН = 0.1 My: 


РІН] (i) = 474 + log 05 = 474 + log Zt = 474 + 0.09 = 4.83 





natn ad PS pegada) COPS э Буд ны. па уана онаа 

р(Н] (ii) = 4.74 + log 10 — 01 4.74 * log 09 4.74 — 041 = 4.33 

РІН] (їй) = 4.74 + log 3-474 + log = 4.74 + 0.87 = 5.61 
| 025-01 ” "als" n : 


The results are summerised below: 


[Ac | 


plH] after addition of 
0.1 M HCI 
0.1 M NaOH 


Change of p[H] on addition 
of 0.1 M base or acid 





It is evedent from this example that on addition of a given amount of strong acid or а 
strong base, the maximum resistance to change of p[H] is offered by buffer solution (1) which 
contains equimolar concentrations of the weak acid and its salt (i.e. conjugate base). and p[H] 
of this solution is equal to pK, of the weak acid (HAc) it is composed of. 


(e) Polyprotic Acids and Their Salts 

In qualitative inorganic analysis we often come across metal salts of polyprotic acids, eg. 
phosphates, arsenates, carbonates, sulfides, sulfites, sulfates etc. Most polyprotic acids are weaker 
acids than hydrochloric acid or nitric acid, which are employed for dissolution of the samples. 
On dissolution of these salts in dilute HCI or HNO,, the polyprotic acids are liberated and remain 
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in solution, whereas, the metal ions remain in solution as their chlorides or nitrate salts as the 
case may be 
Ca,(PO,), + 6HCI — 3CaCl, + 2H,PO, 
CaCO, + 2HNO, — Ca(NO,), + CO,T + H,O 
During routine analysis, depending upon p[H] of the solutions, these polyprotic acids undergo 
deprotonation, forming the corresponding anions, which greatly influence the solution p[H]. Since 
the polvprotic acids are in general weak acids, their anions are strong bases (conjugate bases), 
which may combine with metal ions in solution, causing precipitation of metal salts (or basic 
salts) of the polyprotic acids and even metal hydroxides, thereby, may interfere the detection 
and separation of the metal ions. It is often necessary to remove these polyprotic acid anions 
Irom the test solutions prior to separation and, or, identification of certain metallic ions. Knowledge 
of the deprotonation equilibria of the polyproptic acids and p[H] of the solutions containing 
polyprotic acids and their acid-salts and normal salts helps us setting up the experimental conditions 
required for detection and separation of metal ions in solution during qualitative inorganic analysis. 
Let us consider the protoation - deprotonation equilibria with orthophosphoric acid, H.PO 
which is a triprotic acid. H,PO, undergoes three successive steps of ionization: 


H,PO, = Н” + H,PO, 


[H " ][H; PO, ] 


Nas [H;PO,] 


= 7.5 x 107 (at 25°С) 
рК = 2.12 


HPO = H* + HPOÍ 


,  .[H*)[HPO Г] P 
e SoS — 62 x 10 (at 25°C) 
[H5PO,] 
ру = 721 


HPO; = H* + poji 


_ [H*][PO1] 


= ; = -13 * 
u= pupo? j = 48 * 10712 (at 25°C) 


. РК. = 12.32 


Stepwise ionization constants of polyprotic acids decrease by a factor of ~ 10* to 10° in 
the order : К, > Kiz > Кү, because of electrostatic forces of attraction between proton and 
the acid anions increase with increase of anionic charge. Stepwise ionization constasts (interms 
of pK „ values) of some common polyprotic acids are presented in Table 2:1. (see also Appendix 
А-1) 








Table 2.1 


Stepwise ionization constants (interms of pk...) of some polyprotic inoganic acids at 25°C, 


Orthophosphoric acid (H;PO,) 

Carbonic acid (H,CO,) 

sulfurous acid (H,SO,) 

Hydrogen sulfide (H5S) 

Arsenic acid (H,AsO,) : E Ties ^ 2 12.0 — 12.5 


Sulfuric acid (H,SO,) Negative 1.92 
Thiosulfuric acid (Н,5,0,) 0.3 — 1.2 1.5 
Chromic acid (H,CrO,) 0.7 6.5 





Aqueous solutions of polyprotic acids contain several acid species, e.g. aqueous solution 
of phosphoric acid may contain H,PO,, H,PO,-, HPO,*-, PO, ions, as well as H,O molecules, 
which participate in protonation-deprotonation equilibria, however, the p[H] of the solution at 
а particular condition is governed by the principal reactions, as will be evident from the following 
considerations, with phosphoric acid and its salts. 


(i) pH| of a solution of orthophosphoric acid 

In aqueous solution, H,PO, may undergo three steps of deprotonation equilibria as described 
before, apart from ionization of H,O molecules to form Н” and ОНГ ions. But a perusal of 
the ionization constants (Table 2.1) of Н,РО, and ionic product of water (К = 107 '* at 25°C) 
reveals that K, of H,PO, is ~ 10° times larger than its К. and ~ 10' times larger than 
its К. and ~ 10" onm SE than К. Thus, when H,PO, undergoes deprotonation to produce 
H, PÓ,- ion, the deprotonation bquitibria of H,PO, , HPO,* and ionization equilibrium of НО 
are кызаш That is, only the first step лаять equilibrium of H,PO,, 


H,PO, = H* + H,PO, 


is the predominant chemical reaction, which should only be taken into consideration for calculation 
of p[H] of the solution. 


к. _[Н°н;РО;] 
" ya -[НУРО,] 
— ы дА 
А ^. [B;PO,] ге [H,PO, aj zd C г" [Н] 
where, C = асы concentration of H,PO, in the solution. Since H,PO, is a moderately 


weak acid, its ionization is appreciable, and it will not be correct to assume C ~ [H*] = C. 
Therefore, 


= 75х10? 


Ж 





[H'][H;PO;] — [H']' 


ha = (HPO) — c-[fH*] 
‚ [H* + К.н) - CK,, = 0 


-Ka; + ук 2 +4CK 
i [H*] = 3 T a 


Since the negtive root is improbable, 


—K,, + Ji: + 4CK, 


[H* (+) = 7 


p[H] = - log[H* ] = log ч = lo & — | 
[H^] -K,; + Jk; +4CK,, 


Ka = 75% 10%, — K,? = 5625 x 10% 





For а 0.02/M) H,PO, solution (C = 0.02 mol lir'), JK,; +4CK,, = 0.0256 


^. ([H*]s 9018 му 


^. p[H'] = 2.046 = 2.05 
Similarly, it may be shown that p[H] of a 1 (M) solution of H,PO, will be equal to 1.08, 
Assuming C >> [H7], so that C — [H*] = C, p[H] of H;PO, solution may be calculated 


using the relation, 


wn 


© * 
^ АН = po - pur 
; — 0.02 (M) 190, uq Gu min A rte is 
| MES 20 - Mees m 
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NaH,PO, — Na* + HPO, 
NH,H,PO, э МН; + H,PO,* 
H,PO, = H* + HPO (Ka = 7.5 х 193) 
| lonization of water (К 10774) is negligeble in companson to that of H.PO,. The mixture 
of conjugate acid - base pair, H.PO, and HPO, constitutes a buffer solution, of which the 
PIH] is given by Handerson-Hasselhalch equation, 
[H;PO,] 
[H;PO,] 
If the mixture contains equimolar concentrations of H,PO, and NaH,PO,, i.e, [H;PO,] 
" [Н,РО 7], then p[H] of this buffer solution becomes equal to pK... of H,PO, (2.12), since. 
in presence of the completely ionized salt, ionization of HPO, remains sufficiently depressed, 
so that the equilibrium concentration of [H,PO,] is equal to its analytical concentration. 
Examples (2.10) 


(i) Find the p[H] of a solution which is 0.2 M in H.PO, and 0.4M in NaH,PO,. [Given: 
pK, of H,PO, = 2.12]. 


[Salt] 
ДІН] = pK. + log ( Acid] 


[H5PO; ] 
= + Va RIA 


= 2.12 + log( 03. 


= 212 + log 2 = 2.421 = 2.42 
(п) p[H] at the first equivalence point of H,PO,, і.е, рН] of an aqueous solution of 
NaH,PO,. or NH,H,PO,. 
The salt, NaH,PO, (or NH,H,PO,) is completely ionized in aqueous solution. 
NaH,PO, — Na’ + H,PO, 
Neither Na* ion nor NH,* shows any acidic or basic property. The anion, H,PO, may 
undergo both protonation and deprotonation in aqueous solution: 
HPO = Н? + HPOj^ К = 6.2 х 10* 
НәРО + Н” = H,PO, Kg = 7 107 
Nel reaction: 
— = ll Rs c pi 
H,PO, + H,PO, = H,PO, + HPO; 


^. [H,PO,] = [НРО] 
Both К, and K,» are much larger than К, = (107). So, ionization equilibrium of water 





can not influence the H^ ion concentration of this solution. p[H] of this solution is governed 
only by the above protonation- deprotonation equilibria of H PO, ion. Thus, 


KoKo = : КИ ыы ыыы ане 
— [H;PO,] [H;PO;] 
p -3 а: 
ие" 


| pl] = = pK,, o. pK, 


Thus, p[H] of aqueous solution of an acid-salt of a polybasic acid is independent of 
concentration of the acid-salt. 

p[H] of an aqueous solution of ammonium dihydrogenphosphate, (NH,)H,PO, will also be 
given by the above equation, since, NH,” ion, will not show any acid reaction in presence of 


H.PO, and H,PO,- which are much stronger acids than NH,* (PK y+ = 926). 
| i 


Examples (2.11) 
(1) Calculate the p[H] of an aqueous solution of sodium dihydrogenphosphate (NaH,PO,). 
[Given: for H,PO,: рК, = 12.32, pK,, = 721, pK. = 2.12] 
( | | 
РІН] = >pK,; + рК 


= 102112 + 7.21) = 4.665 ғ 4.67 
(2) What will be the p[H] of a of 0.2/M) aqueous solution of sodium bicarbonate? [Given: 
for carbonic acid рК „ = 6.37 pK,, = 10.25]. 
The acid-salt, sodium bicarbonate, NaHCO,, is completely ionized in aqueous solution, 
NaHCO, — Na' + HCO; 
Na* ion shows neither acidic nor basic property. The bicarbonate ion, HCO,', undergoes 
protonation-deprotonation equilibria in aqueous solution and acts as а self-buffer : 
НСО; == Н? + со pK = 1025 = pKyco, 
HCO, + Н? = H,CO, pK, = 637 = рКн,со; 
Net reaction: HCO, + НСО; = H,CO, + COZ 


*. [H,CO,) = [C017] 
pK, of water is 14, which indicates ionization of water is almost negligible in comparison 
to deprotonation of HCO, (pK,, = 10.25). Therefore, p[H] of this solution will be governed 


í 


only by the protonation-deprotonation equilibria of HCO, ion. 
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H*][HCO;] [H*][CO;"] 
SR 12 dus Na 2 | 11. 1 = , 
HCO, HCO, [H5CO4] 4 [HCO; | [H | 
i | | 

^ HH] = 3 GKysco, + PKuco,) 


(6.37 + 10.25) = 8.31 


бо — 


Note that the p[H] of the solution is independent of concentration of NaHCO,, 

(iv) pH] of an aqueous solution of a mixture of NaH,PO, an Na,HPO, 

Both the salts are completely ionized in aqueous solution: 

NaH,PO, =» Na’ + H,PO, 
Na,HPO, =» 2Ма* + HPOj 

Na” ion shows no acid-base property. The two anions, H PO, and HPO; constitute 
a conjugate acid-base pair: 

Н,РО = H* + HPO; 

So, the mixture of these two salts will form a buffer solution, in which H,PO, (рК, = 
7.21 at 25°С) will serve as a weak acid and НРО will serve as its salt (or conjugate base). 
Since the deprotonation constant of HPO} (К =4.8 х 10-12 at 25°C) and the ionic product 
of water (К, = 10! at 25°C) are much lower than the deprotonation constant of H,PO, 
(K,, = 6.8 х 1073 at 25°C), only the deprotonation equilibrium of H;PO," ion will be operative. 
Consequently, p[H] of this mixture will be given by Handerson-Hasselbalch equation, 
[HPO | 


PIH] = рК,, + log - 
[Н;РО, ] 


Examples (2.12) 
(1) Calculate the p[H] of a solution which is 0.25M in NaH,PO, and 0.50M in Na, HPO}. 
[Given: for H,PO,: рК, = 12.32, pK, = 7.21 and pK; = 2.12 at 25°C] 
The mixture of NaH,PO, and Na, HPO, constitutes a conjugate acid-base pair, forming 
a buffer solution, p[H] of which will be governed by the equilibrium: 
H,PO, (acid) = Н" + HPOG (salt) pK = 7.21 


[HPO] | 
[H;POj] 





^ рН] = pKa + log 


= 72] + log 053 = 721 + log2 = 7.511. 


[3] 





to 
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In what molar proportion should NaH,PO, and Na,HPO, be mixed so as to obtain a buffer 
solution of p[H] = 7? [Given: for H,PO,. pK = 2.12, рК, = 7.21 and pK,, = 12.32 
at 25°С]. 

Ihe equilibrium responsible for the buffering action of the mixture of NaH,PO, and 
Na,HPO, is the deprotonation equilibrium of H,PO,~ ion. 


H,PO,- < Н? + HPOj; (pK, 721) 


PIH] of this buffer solution will be given by the equation, 


Н] = pk. + | Lae 

rl | p а? °S CH. POT] 

[HPO3" ] | 
[НРО] ^ Inverse log (p[H] — pKs) 


For a buffer solution of p[H] = 7, 
[HPOJ] 
[H3 PO; ] 
^ [NaH,PO,] : [Na,HPO,] = 1 : 0.62 


= Inverse log(7 — 7.21) = 0.617 = 0.62 


(v) p[H] of an aqueous solution of Na,HPO, 
The salt ionizes completely in aqueous solution according to, 


Na,HPO, — 2Na' + HPOJ 


Na' ion shows no acid-base property. HPO, ion in aqueous solution undergoes both 
deprotonation as well as protonation equilibria: 


НРО = Н" + poy рК = 12.32 
HPO} + H* = Н,РО pK. = 7.21 


Net reaction: HPO; H HPO?” = HPO, + PO; 
(^. [H,PO,] = [РО}7]) 


lonization equilibrium of water (pK, = 14) has practically no contribution to Н? ion 
concentration of this solution, рН] of which is totally governed by the protonation-deprotonation 


eqnilibria of НРО ion. Thus, 


Peon Ta) a tee * 2- 
Ka Kas * [H J| PO; ] x [H НРО; ] РА [H']' 


[HPOi']  [H;PO}] 


$81 -: 122 | 





^4 MH] = L(pK,, + рК.) 


5 (12.32 + 721) = 9.765 = 9.77 

So, рН] of Na,HPO, solution is independent of concentration of this salt. 

(vi) pH] of an aqueous solution of Na(NH )HPO, 

Like Na,HPO,, this salt produces HPOJ” ion by complete ionization in aqueous solution. 

Na(NH,)HPO, — Na* + NH,* + HPO? 

Although Na* ion is neutral, but NH , ton (PKyy 4 = 9.26) shows acidic property. On 
the other hand. HPO? ion ( PR up 4 = 12.32) appears to be a much weaker acid in comparison 
to NH,' ion. It can not undergo deprotonation in presence of NH,” ion, but, it can show its 
basic property. by accepting the proton released by NH,* ion, since рКи;ро; = 721. 

NH,” = H* + NH, рКун; = 9.26 
HPO; + Н? = HPO, pKy,po, = 7.21 
Net reaction: NH,* + HPO? = H,PO,- + NH, 
^ [H,PO,] = [NH] 
and [NH,*] = [HPO] ] 


^" 


_ (HT NS] [HT IHPOT ] e 


~ KNH Kino 
М woo misce x] [H5 PO] 


^ АН] = у(рКуң, + РКнуро,) 


= l(926 + 721) = 8235 = 8.24 
(vii) pH] of an e —— PM of sodium phosphate (Na,PO,) 
The salt ionizes completely in aqueous solution according to, 
Na,PO, => 3Na* + PO} 

Ма? ion shows neither acidic nor basic property. РО ion is the conjugate base of HPO? 
ion, which is a very weak acid ( PKypo, = 12.32). So, POY” ion is a very strong base and 
it will tend to take up protons from H,O molecules of liquid water. That ts, ionization equilibrium 
of H,O molecule is also operative in the presence of strongly basic PO} ion. The dominating 
protonation-deprotonation equilibria in this solution are, 
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Н.О H* + OH рК, = 14 (at 25°С) 
POj + Ht = HPO; pKypo, = 12.32 (at 25°C) 


Net reaction: HO + PO} = HPO + OH 


. [HPO1 ^] = [OH] 


[H^ [РОГ] 


«Kio, = ("OH") x Fo 
74 


= [H* [PO] ] 


i 
WU -| [РОЈ] | 
[H] Kw- Kupos 


‚ Ан] = AK, + Ки + у Юю [РО] 


If the conceniration of the salt, Na.PO,. is C mol. lir *, then the equilibirium concentration 
of PO, ion may also be taken as C mol. Hic", without any serious error, since HPO,” ion, 
that є produced due to protonation of PO, ion, can not take up further protons from water 
(pK. = 14) to produce H,PO," ( pKy.po, = 7.21), it can only deprotonate back to produce 
PO,* ion, therefore, p[H] of the solution may be expressed by the equation, 


J be | ? 
АН] = 5 PK, +> PKupo, + 7 loge 


Example (2.13) 
Calculate the p[H] of 0.2 (М) solution of sodium phosphate in water [Given: pK, = 14, 
PRypo, = 12.32 at 25°С]. 


pth] = pK, + pKuro, + log C 


| | 
= 304) + 5(232) + + log(0.2) 
= 7 + 6.16 ~ 0.35 = 12.81 


(f) Aqueous Solutions of Salts 


Salt solutions in water may be neutral, acidic or alkaline, depending upon the acid-base 
properties of the constituent cations and anions, i.e., the strengths of the constituent acid and 
the base, forming the salt. As a general rule, aqueous solutions of salts of strong acids with 
strong bases (eg. NaCl) are neutral, salt of a strong acid with a weak base (eg. NH,CI) gives 
acidic reaction and salt of a weak acid with a strong hase (eg. СН,СООМа) gives alkaline 
reaction in aqueous solution. Thus, the influence of the stronger partner dominates the acid- 
base property of the aqueous solutions of salts, as summerized below: 
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(1) Strong acid + strong base — Salt > Aq. solution — Neutral 

(1) Strong acid + weak base — Salt > Aq. solution -> Acidic 

(1и) Weak acid + strong base + Salt —› Aq. solution — Alkaline 
(i) Salts yielding neutral solutions in water 


Saft of strong acid with a strong base, such as sodium chloride (NaCl) dissolves in water 
giving neutral solution. It is derived from hydrochloric acid (НСІ), which is a strong acid and 
sodium hydroxide (NaOH), which is a strong base: 

HCI -> Н? + CF 
NaOH — Na* + OH- 

Net reaction: НСІ + NaOH — Na* + CF + H,O 

Since НСІ is a strong acid in water, it ionizes completely to produce Н? ion and its conjugate 
base CI” ion, is а weak base, having practically no tendency to pick up a proton from water 
to make the solution alkaline. Similarly, NaOH is a strong base, it ionizes completely in aqueous 
solution to produce Na* ion and OH" ion, which is the actual base. Since OH- ion is a strong 
base, its conjugate acid, Na* ion, more appropriately the hydrated Na(ag)* ion, [Na(H,O); ]. 
is a weak acid, having negligible tendency to make the solution acidic by releasing a proton 
to the solution. 

In general, alkali and alkaline earth metal ions and anions of strong monoprotic acids eg. 
НСІ, HBr, Hl, HNO;, HCIO, etc. respectively show no tendency to react with water to produce 
either Н” or ОН” ion. So the corresponding salt solutions are neutral. 


Cations of strong bases: 

Alkali metal cations of periodic Group-1 : Li’, Na^, К” 

Alkaline earth metal ions of periodic Group 2 : Mg, Ca**, Sr^*, Ва?*, (except Be**) 

Anions of strong monoprotic acids and sulfuric acid. 

Cl", Br, 17, NO;, CIO, HSO,, SO, 

Aqueous solutions of salts containing these cations and anions are neutral (p[H] = 7), but 
due to absorption of atmospheric CO,, these solutions show slightly acidic property, (р[Н]<7) 
(since, PRy,CO, = 6.37). 


(ii) Salts yielding acidic solutions in water 
Salts such as NH,CI, derived from strong acid (НСІ) and weak bae (NH,) give acidic 
reaction in aqueous solution. These salts ionize in aqueous solution completely, 
NH,CI — NH,' * CF 
^ [МН] = [NH,Cl). | 
Since Cl" ion is the conjugate base of the strong acid (НСІ), it is a weak base having 
practicaly no tendency to bind with proton from water. NH,” ion, on the other hand, is the 
conjugate acid of the weak base (МН), so it has а profound tendency to give up protons to 
aqueous solution, making it weakly acidic. 
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= 0 | 
NH,” = H* + NH, Kut $.5 x 10! (at 25°C) 
- [H°] = [NH;] A" 
lonization of H,O molecules of solvent water has negligible contribution to the acidity of 
this solution, since, К, = 107! (at 25°C), which is «10 times smaller than Кун; 59. РІН] 
of this solution will be governed by the concentration of NH,” ion only. If C mol. 
lir '. be the analytical concentration of the salt, NH,CI, then equilibrium concentration of NH,* 
ion is [МН] = C — [H*]. Therefore, 
p [H INH; нр 
"wu* —[NHji]^ С (Н) 
Since. NH,' ion is a weak acid, the equilibrium concentration of Н” ion will be negligibly 
small in comparison to the analytical concentration of NH,CI. that is. 
[NH] = C - [H"] = € 
[H'] 


Examples (2.14) 
(1) Calculate the p[H] of a solution which is 2.5% in NH,CI. 


[Given: ко, = 5.5 x 10719 at 25°C] 


мн: 








Te 
pM) = PK; - $ log[NH1] 


= 1(926) - 1100(0467) = 4795 = 48 
(2) What will be the p[H] of a 0.2 M solution of ammonium fluoride” 
[Given : Кур = 3.5 х 107, Куц, = 5.5 ж 10719, KK = 1077 at 25°С] 
NH,F tonizes completely in aqueous solution, 
МНР - NH, + F- 
^ [NH47] = [F^] = [NH,F] 


Now F- ion is the conjugate base of a weak acid (HF), so it has a tendency to bind with 
protons of H,O. NH,” ion is the conjugate acid of a weak base (NH з). 50 it has à tendency 
to give up protons. The possible protonation-deprotonation equilibria in aqueous solution 


arc, 

H,O ^н” + OH” К, = 10-'* pK.. = 14 
NH, = H + NH, Кын, = 5.5 х 10’? phu, = 9.26 
F + H* = HF Kye =35х |05 РК, = 346 


As the magnitudes of the ionization constants imply. ionization equilibrium of water has 
neglivible contribution to the H* ion concentration of this solution. Thus, the net acid- 
base equilibrium in solution is. 


NH,” + F- = HF + NH, 
^. [HF] = [NH] 


| _ [H*]NHS] | [HIE] уер 
m Кун: Kur = Т ГНЕ] [H'] 


. PH] = = (Кан, + рКур) 


= 10926 + 3.46) = 636 
(3) Calculate the p[H] of an aqueous solution of 0.25 M ammonium bifluoride, [Given: pK, 


= 3.46, pk Nity = 9.26]. 
NH,HF, may be regarded as а 1:1 mixture of NH,F and HF, ie, a mixture of weak 
acid (HF) and one of its salt (NH,F). So an aqueous solution of МНН, will constitute 
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à buffer solution in which the molar ratio of the [salt] : [acid] is 1:1. Therefore. p[H] 
of this solution will be equal to the pK, of the acid (i.e, pK 
[salt] 
[acid] id | 


[NH,F| 
~ PR + log pup] 


не): 


p[H] = pK, + log; 


= рК = 3.46 (: [NH,F] = [HF]). 


Since, pKj << Кың, МН,” ion can not show its acidic reaction in presence of HF. 
Thus, p[H] of NH,HF, solution will be independent of its concentration. 


Note: p[H] of an aqueous solution KHF, will similarly be independent of its concentration 
and will be equal to рК, since the salt may be regarded as a 1:1 mixture of KF and HF. 


(iii) p|H] of aqueous solutions of hydrated metal ions 


There is another type of salts which show acidic reactions in aqueons solution. These are 
the hydrated cations of highly charged and smaller size metal ions, i.e, metal ions of high 
ionic potentials. These metal ions polarize the О — H bonds of the coordinated H,O molecules 
so strongly that the coordinated H,O molecules become more strongly acidic than the H,O 
molicules in the solvent water. Among the representative metal ion, Ве2* and AP* ions аге 
significantly acidic. Most transition metal ions, particularly in their higher oxidation states, 
eg. Fe"! Co", Cr", ТИУ, Zr V etc. show significantly acidic behaviour. Some metal ions readily 
form oxvanions, e.g, Bi, Zr“, еіс. Acidity of hydrated representative metal ions fall in the 
order : AP* >> Mg?* > Nat; Be^ >> Li*. 

Deprotonation equilibrium of a hydrated metal ion a may be represented with Fe(H 2092 
ion as ап example, 


Fe(H50);* + НО = Fe(H;O)«(OH)* + H,0* 


[H;,O" |[ Fe( H О) (OH) ] 
[Fe(H50);* ] 
These deprotonation reactions may also be termed as hydrolysis reactions of the aqua metal 


ions. KL values of some common metal ions are given in Table 2.2. 


Table 2.2. Deprotonation constants (KH ) of some hydrated metallic cations at 25°C. 


KH = 263x107 


M" (aq) Kis М" (aq) Kit 
Fe? (aq) 6.3*102 Co?* (aq) 1.3107? 
Сг?“ (aq) 16x 107 Zn?" (aq) 2.5x 100 
AP* (ag) 14x10% Fe?* (aq) 32x 10-10 
Be” (ад) 3x107 Ni?* (aq) 2.5х10-!! 
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Thus, Fe? (aq), АР? (ag), Сг? (ад) ions are stronger acids in aqueous solution than acetic 
acid (1.81075), Acidity of the hydrated transition metal ions listed above fall in the order: 
Fe?» Cr+ >> Co?* > 212+ > Fe > Ni?*. 
рН] of aqueous solutions of salts of these metal ions with strong acids will depend upon 
the concentration of the hydrated salt cations and their deprotonation constants ( K y values), 
just in the same manner as the aqueous solutions of weak acids. 
For the first step deprotonation of Fe(H50)?* ion presented above, at equilibrium, 
[Fe(H,O).(OH)"']  [H*] 
If Cy. be the analytical concentration of Fe( H 30); ion, then the equilibrium concentration 


of Fe(H 30) ion will be, 


| Ре Н,0);* ] = Cre - [Н] 
Therefore, 


KH - [H*][Fe(H3O)s(OHY*] — (H*] 
Е [Fe(H30)}*] Cr “(HY 
n [HTP + KÉ[H*] - Cj KE, = 0 
Neglecting the negative root, 


-KE + kB + acLKB 
[H*]t«) = Fe + ( Fe) * Fe**Fe 


P 


Substituting the values of KR. and Су, опе may calculate [H^] and from there, p[H] of 
the aqueous solution of the salt. This rigorous calculation is required when the hydrated metallic 
ion is moderately strongly acidic, e.g, Fe(H ау ‚ AH 40025 Ti(H5O)g* etc. But when 


the hydrated metal ton ts weakly acidic, eg. Zn(H30;*. Ni(H30)7* , étc., concentration of 


H* ion produced by depntonation of coordinated H,O molecules of the hydrated metal ion 
is negligibly small in comparison to the analytical concentration of the hydrated metal ton. 


As for example, for hydrated Zn(HO)2* ion. 
Zn(H30)2* = Zi(H;O)(OH)* + Н" 
((H*] = [Zn(H50)4(OH)] 
H* JZn(H30)«(0H)" ] -I0 
K = Ін ][2 НО) ОН) ] z25xl0 7 25°С) 
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if C}, = analytical concentration of Zn(H,0);* ion, then the equilibrium concentration 
of Zn H40);* will be. 


| | -İli 
[ZMH 0t] = Czy -IH*] = C, (7 Kan =25x 107") 
lonization equilibriun of H,O does not influence the p[H] of these solutions, since K, = 
107 is much lower than the KH, values. 
„їн н” „н! 
С, — - [H*] Сл 


1 
— ar a 
[H*] KT с» 
| H | 
pH] = 5 "Кл - 5 log Cz, 


Examples (2.15) 
(1) Calculate the p[H] of an aqueous solution of 0.002 M zinc sulfate. (Given: Ку = 2.5 
* 1079 ar 25°С]; 
pki! = - tou KH, = -tog25 x 107 = 9.60 


pH] = 3 pK -508C 








ilta | 71496) - 51040002) = 615 йй 

(2) Calculate the p[H] of 0.001 М solution of aluminium nitrate. [Given: КЇ, x 1075 
—— st 25°C] „а F dest gilhog ciw unitis] #7 
бте jab: es ж-ы — sass cd — 








3 wit = Re 44 ‘54 Feral ia: ЛЬ «р - Wi 
poss 1 


n" Lise * "usn | idee" 





жийир tore 














3 
[H* T + KA(H*] - CA. KM, 0 
С = 0.001 (M) KK, = 14 « 107 
Neglecting the negative root, one obtains. 


[Н (+) 


1 








“э -5.2 = 
-—(l4 х 10 7) + (14+ 10 + 4.(0.001). (14 х 107 м 
E Ur 5 0000404 x 107) = |15 107 
^ pH] = 3.95 
So. the two methods of calculation give almost the same result 
(iv) Salts yielding alkaline solutions 


Salts of weak acids with strong bases belong to this catagory. Salts of weak acids such 
as HF, НСМ, HNO,, CH,COOH, HCO, with strong bases such as NaOH or KOH give alkaline 
reaction in aqueous solution, The salts ionize completely in aqueous solution, eg. 


NaF — Na” + F- 
^ [F] = [NaF] 

The salt cation (Na*) shows neither acidic nor basic property. But the salt anion F^, being 
the conjugate base of a weak acid (HF, Kp = 3.5 х 107 at 25°С), is a moderately strong 
base and may take up a proton released from ionization of water. setting free ОНГ ion in aqueous 
solution, rendering it alkaline. 


H,O = Н? + OH К. = 10- (at 25° C) 

К+ H' = HF Kap = 3.5 х 107* (at 25° C) 
Net reaction: F^ + H,O z& HF + OH" 

^. [HF] = [OH] 
This net reaction may also be termed as /ndrolysis of F^ ion. Thus, 


ie Ke x [H* fOH7] = (нЕ) 


HPE 
[HF] 


— | 
ИН) = i pK, +5 Кин + S loglF ] 


If the concentration of NaF is C mollit, then the equilibrium concentration of F ion 
will be. 
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DUM - [HF] = € - [OH ] = €. since ОН is produced by ionization 
of Н.О, for which K, 16 is very — compared to Kj. 


^ pH] = LpK, * = pK yp + lox. 


Examples (2.16) 


(1) Calculate the p[H] of 0.2 M solution of NaF in water. [Given: Ky = 3.5*104, К, = 
107! ‘at 25°С] 


C = 02 (M) 
рК = -log Kyp = — log(3.5 х 107*) = 3.46 
рК, =- logK, = -log(1074) = 14 


: | 
^ Н] = = pK, + Кн + slog 


р. \ | he | 1 = $ 
= 5 (14) + 5 (346) + 5 log(02) = #38 


(2) Calculate the p[H] of 0.1 M solution of KCN in water. 
[Given: Ku, = 4.9 х 10719, K, 1074 at 25°С]. 


pKyucs = -log(4.9 х 107?) = 9.31, pK, = -logI0* = 14, C = 0.1 M 
^ АН) = ЗРК, + — 7108 
= 1014 + 9.31) + 110501) = 1116 
(3) Calculate the p[H] of 0.20 M solution of sodium acetate in water. 


(Given: — КЕ x 1075 at 25° C). * 
A id o» Ne + ipic iod 
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pK, + 50K, + ; loc 


= 304) + £(4.74) + 110502) = 9.02 
(4) Calculate the p[H] of a 2% solution of anhydrous sodium carbonate in water. [Given: for 
carbonic acid, K = 4.31077, К. = 5.6x107!!) 
Formula weight of anhydrous Na4CO, = (23х2) + 12 + (163) = 106 
^ 106 g of anhydrous Na,CO, іп 1000 m/ = 1 M Na,CO, 
. 10.6 g of anhydrous Na,CO, 100 mi = 1 M Na,CO, 
^. 10.6% Na,CO, solution = 1 M Na,CO, solution 


7 


. 2% NaCO, solution = em M Na,CO, solution 


= 0.189 M Na,CO, solution. 
Na,CO, is completely ionized in aqueous solution, 
Na,CO, — 2Na' + СОЗ 
 (со27] = [Na,CO,] = 0.189 М = C 
As H,CO, is a weak acid, HCO, is much weaker, so its conjugate base, соз" ion is 


a strong base and has a strong tendency to be protonated by the H* ion released from ionization 


of H,O molecules, 
HO = H + OH K, 7 1071 


co?- + Н“ = HCO, к. = 5.6 x 107! 
Net reaction: COF + H,O = НСО; + OH 
^. [HCO,] = [ОН] 
Since K (= 43 х 1077) of H,CO, is much higher than K,, and К, values, the protonation 
equilibrium of HCO,', 
HCO, + H* = H,CO, K., = 43 х 1077 
remains totally left shifted. Therefore, only the ionization equilibrium of water and protonation 
equilibrium of СО 7 ion govern the p[H] of Na,CO, solution. 
_, [H*)[CO$ — 
„К.К, = [H* ][OH х! і! - l- [H* [CO] 
[HCO; ] 
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E D 
Н) К.К, 
Ka = 5.64107, .. pK,, = 1025, pK, = 14. С = 0.189 M 
^ АН]  3pK, + рКа + 1 logico}-] | 
= Lis) + 1(1025) + 1100.189) = 11.76 
(v) Salts containing acidic cation and basic anion (ie, salts of weak acids with 


weak bases) 


Salts such as ammonium acetate (CH,COONH,), ammonium carbonate (NH,),CO,, sodium 
ammonium hydrogen phosphate, [Na(NH )HPO,]. ammonium fluoride (МНЕ) etc. contain 


weakly acidic cation (NH,*) and basic anions. CH COO. CO3^. HPO3- and F- respectively. 


рН] values of aqueous solutions of such salts depend upon the relative acid-base strengths 
of the cations and the anions. 


(1) Ammonium acetate solution: The following are the principal reactions in the aqueous 
solution of ammonium acetate. The salt ionizes in aqueous solution completely, 


CH,COONH, — NH,* + CH,COO- 
The salt cation, NH," ion, ionizes as a weak acid releasing a proton, 

NH,' = H* + NH, Kun, = 5.5 х 10710 (at 25° C) 
The salt anion, CH,COO™ ion, acting as a base, takes up the proton released by NH," 


* 


ion, 
CH,COO- + Н” CH,COOH — Key coon = 1.8*10°5 (at 25°С) 
Therefore, the net reaction involves proton transfer from the salt cation юеш, 
NH,* + "s SN EM + NH, Y canal 
and [NH,"] {СИОТ и 16 DLA TA «ъа v 
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ІН”) 4 \ Кон.соон Кын, | 








D Кени OOH = 1.8 X 1075, “+ рки соон = 4.74 


” Кың, = 55 > I. ^opKwa, = 926 
= t ) | . 
. PIH] = 5 pRen coon + 5 Кын 


= 10474) + 10926) = 70 
Thus, aqueous elution of ammonium acetate will be neutral (p[H] = 7) 
(2) Ammonium fluoride solution: (cf Example 2.14 (2)) 
Net reaction: NH,” + F^ = HF + NH, 
^. [HF] = [NH] 


; [H"][NHi] | [H* J[F ] +32 
NH4 IHE ҮН] [HF] [H ] 


* [NHi] [Р] 
| P, | ” 
^ PIH] = = РКмн + РКЫ 
(«^ PRNH, = 926, pK; = 3.46) 
= (926) + 1 (3.46) = 6.36 


Therefore, ammonium fluoride solution will be slightly acidic (pH < 7) 


(3) Ammonium carbonate solution 


Principal reactions in ammonium carbonate solution are: 
lonization. of the salt, 


(NH,),CO, — 2NH, + СО 
^ [NH] = 2(C05] 
Deprotonation of NH," ion. 
мн," = H* + NH, pKyn, = 926 (25°C) 


Protonation of СО{ ion, 
CO} + Н? HCO; pKyco, = 10.25 (25°C) 
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Net reaction: NH,” + COT. = HCO, + NH, 
*. [HCO,-] = [NH,]. 
Since К, = 10° is much smaller than Кын, and Ki 0; 'onization equilibrium of H,O 


molecules will have negligible contribution to the H* ion concentration of ammonium carbonate 
solution. рН] of this solution will be governed by the protonation - deprotonation equilibria 


2 "AE " б-а 
of CO; and МН,” ions respectively, Thus, 


KK. ІНН | [H'ICO;] _ [H'T[CO; RT 
^NH4- ^нсо; 7 - ы шз, . 4 -] 
[NH] ] [HCO;] [NH;] 2 


t3 |=— 


imis чең di atida 
[H*] — | 


: RT -— | 
^ PIH] = > РКмну + > PKRuco; - 5 log? 


Т ; х 
2 5(рКмн, T PRuco, * 03} 


= 10926 + 1025 – 03) = 9605 = 9.61 


Thus, ammonium carbonate solution will be distinctly alkaline (p[H] > 7]). 

So, the acidic or alkaline nature of aqueous solutions of salts of weak acids with weak 
bases will depend upon the relative acid-base strengths of the salt cations and salt anions. Acid 
strength of a cation is determined by its deprotonation constant (К. ), whereas, the basic streagth 
of a salt anion is determined by its protonation constant (K,), which is equal to К, /К, of 
the conjugate acid of the salt anion. Thus, 

Acid strength Base strength 

Salt cation > conjugate base or salt anion .... p[H] < 7 acidic solution 

Salt cation = conjugate base or salt anion ,.. p[H] = 7 = nentral solution 

Salt cation < conjugate base or salt anion ... p[H] > 7 alkaline solution 


Problem (2.1) 


Predict whether the aqueous solutions of the following salts will be acidic. neutral or 
alkaline. 


(i) NH,Br, [K, of NH,* = 5.5 х 1071") 
(ii) 0.01 M FeCl,. | Kw = 63 х 107) 


(iii) 0.02 M NaCN, [K, of HCN = 4.9 х 107°] 
(iv) 0.2 M NaNO,, (К, of HNO, = 45 х 1075] 
(v) 0.1 M Borax, (К, of H,HO, = 6.0 х 10-1] 


146] 





: —@ 


(vi) pH] of borate buffer solution 
Boric acid, H,BO, (= B(OH),) is moderately soluble in water at ordinary temperature. Its 
solubility increases markedly with rise of temperature. Boric acid in aqueous solution is à very 
weak monobasic acid, that acts not as a proton donor (Bronsted acid), but as a Lewis acid, 
by accepting а ОН” ion from H,O molecule: 
B(OH), + 2H,0 = H,0' + B(OH), Ки,во; = 6x107!9 (at 25°C) 


Acidity of boric acid solution is greatly enhanced in presence of |, 2-cis diols, such as, 
|. 2 glycol, glycerol, mannitol, catechol, etc., and 2-hydroxycarboxylic acids such as salicylic 
acid, due to chelate complex formation, arising from the profound tendency of B (+3) to achieve 
4-coordination, 


1:1 B(OH), : diol complex formation 


OH 0 OH 
+ B(OH), = mh ger 


= 3 
OH 04 “он 


1:2 B(OH), : diol complex formation 


OH OH 


О O 1 
+ B(OH), + = e + HO" + 2H,0 
OH OH —() О 


Stability constant of 1:2 boric acid-mannitol complex was determined to be K = 1.7 * 
107 by Boeseken eral (1930). The mononuclear specics, B(OH), and B(OH); prevail in 
dilute solutions (< 0.025 mol. lit." ). Polynuclear species are formed in concentrated solutions. 
Boric acid-borate buffer mixtures serve as standard buffer solutions. Standard borate buffer 
solution of p[H] = 9.22 (at 25° C) may be conveniently prepared by dissolving borax, 
Na,B,O,.10H,O in water. p[H] of this buffer solution is independent of concentration of borax, 
since in aqueous solution, tetraborate, B,O5- ion, degrades into equimolar amounts of boric 
acid B(OH), and borate B(OH); anion. The principal reactions in aqueous solution of borax 
are: 

Complete ionization of the salt, 

Na,B,O, > 2Ма* + B407 
Hydrolytic degradation of tetraborate (B4037) ion. 
B,O; + 79,0 = 2B(OH), + 2B(OH)," 


^. [B(OH),] = [B(OH), ] 
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Since, the solution is now composed of an equimolar mixture of а weak acid, B(OH), and 
its (salt) anion, B(OH), ~, it constitutes a buffer solution, p[H] of which is given by Henderson- 
Hasselbalch equation. 





АН] = pK, log ~* 
ВОН); | | 
PKH, ВО; * log “ГОН 
PRK HBO; ( [B(OH)," = [B(OH}]) 
= -lgKy.pno, = -log(6 x 10719) 2922 (at 25°C) 


lonization of water has practically no contribution to the hydrogen ion concentration of 
this solution, since K, = 107 is much smaller than the acidity constant (Кво; = 6 х 
1077) of boric acid. 


2.2 Solubility Equilibria and Precipitation Reactions 
(a) Solubility Product Constant 


Most chemical reactions in qualitative inorganic analysis involve the formation of precipi- 
tates of different colours, dissolution of the precipitates on addition of acids, alkalies and other 
reagents. A knowledge of solubility equilibria, and the effects of various parameters, such as 
change of p[H]. presence of common ions and complex forming ions and molecules (i.e.. 
ligands) etc. are very helpful in understanding these reactions in molecular level and also in 
designing experimental conditions for precipitation of a particular compound, separation of a 
particular ion from a mixture with other ions by precipitation of a sparingly soluble compound. 

Let us consider the solubility equilibrium of silver chloride (AgCI), which is sparingly 
soluble in water. If à small amount of solid silver chloride, AgCl(s) is mixed with water and 
the mixture is shaken, small amount of the salt passes into solution because of its inherent 
solubility and the dissolved silver chloride, AgCI (solution), ionizes completely to Ag(aq)' and 
Cl^(aq) ions, so that an equilibrium is established among solid silver chloride, silver chloride 
in solution and hydrated ions arising from ionization of dissolved silver chloride: 


AgCl(s) x AgCI (solution) = Ag*(ag) + Cl(aq). 

This equilibrium exists in a saturated solution of silver chloride. Activity of solid AgCl/s) 
ts unity and is constant, so is the activity of AgCI (solution) as it is in equilibrium with AgCl(s). 
Therefore, the activities of Ag' (aq) and CT (aq) ions are also constant at a particular temperature. 
The equilibrium constant of this ionization equilibrium may be defined as. 

^ Ag' (ag). © СГ (ag) 
4 AgCH (solution 
where ‘u's stand for the activities of the respective species. 
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p Ко, 


gt] coodutiimy a S Aut cb d CE feÉi = constant 


at * ғ m Y, "2 
Substituting K? = Ka, 0,1, ONE Obtains, 


Nen — Ai igi CES m Constant 

К° s» which is the product of activities of Ag* (о) and Cl (aq) ions in a saturated solution 
of AgCI, т.е, when the ions Ар? (aq) and СІ (а) are in equilibrium with solid AgCl/s), at a 
particular temperature, is а constant at that temperature, and is called the solubility product 
constant or simply solubility product of silver chloride. For a sparingly soluble salt, such as 
silver chloride, even the saturated solution is almost infinitely dilute, and the activity coefficients 
are close to unity, so the activities of the constituent ions may be replaced by their respective 
concentrations, consequently, a concentration solubility product, К тау he defined as the 


product of concentrations of the constituent ions in a saturated solution of a sparingly soluble 
salt. Thus, for silver chloride. 


Ky, = [Ag ѓа [Cl (ад) 
or, simply. 


Koy = [AgCI 
omitting the term fag) for simplicity. 
For a sparingly soluble salt, МХ, the general solubility equilibrium may be written 25, 
MX, (8) = mM" (ag) + пҲ" (aq) 
The concentration solubility product, omitting the term (aq). is given by. 
к = Михи р 
Thus, solubility product (К) is equal to the product of equilibrium concentrations of all 
tie ions produced in the saturated solution of a sparingly soluble salt (i.e. electrolyte) with 


concentration of each ion raised to the power of its coefficient in the balanced chemical equation 
rt presenting the solubility equilibrium. 


* xamples (2.17) 
(1) Write the solubility equilibria and the expressions for solubility products, of the following: 
(i) Agl. (ii) Ag; CrO,. (iii) Fe(OH),. (iv) BiS.. (v) Са(РО,„),. 


(i) Agl&) = Ag'(aq) + Vag); Ks = (Ag IF] 

(ii) Ag,CrO,isy = 2Ag* (ag) + СО (aq: Ko = (АЕ РІС ]. 
(iti) Fe(OH). (к) = Fe (ag) + 30H fag: Кр = [Fe JOH T 
(iv) Bi Sas) = 2812" (ag) + 3S" fagi; К, = [BP PIS" 


* (м) Ca(PO) $ 3Ca^ ap + 2POT (a; К, = [Сарро Р 
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From a knowledge of the solubility product of a compound at a particular temperature, 
it is possible to calculate the equilibrium concentrations of the constituent ions in a saturated 
solution of the sparingly soluble salt at that temperature, provided there is no side reaction. 


Examples (2.18) 


(1) Solubility product of silver chloride is 1.8«107' at 25°C. What is the concentration of 
silver ion in a saturated solution of this salt at this temperature? 


AgClis) = Ар? (ag) + Cl-faq) 
^ [Ag] = [СГ] 
К = [Ag* ICI] = (АВР 


L 
” 


1 
^ [Ag'] = (Ky)? = (18x 107)? = 1.341075 (M) 


(2) Solubility product of silver chromate at 25°C is 1.1x107!2, What is the concentration of 
chromate ion in a saturated solution of silver chromate at this temperature? 


Ag,CrO,(s) = 2Ар'(ад) + СгО{ (aq) 
z [Ag*] 22[CrOà ] ' 
K = [Ag СОД ] = O[CrO? ^ [Сг] = 4[CrOT = М х 107? 


| 
-12 33 
[СЮ 7] = | "m = 65x 107%( М) 


(3 


— 


Solubility product of calcium phosphate, Ca,(PO,), is 2.1 x 107? at 25°C. What is the 
solubility of this salt at this temperature? 


If solubility of Ca,(PO,), is x mol.lit'!, then concentration of Ca?* ion and pOj- ion 
in à saturated solution of this salt will be 3x and 2x mol.lit' respectively, according to 
its solubility equilibrium: 

Ca (PO a(s) = ЗСа2* (ад) + 2 PO} (ад) 


| mol. 3 moles 2 moles 
x mole 3x moles 2x moles. 


^. Solubility product, К, = (3х) (2х)? = G'QY (f = 2.1 х 10 


‚ы. PUES ЗК [i 
CY "Opa гож 


^. Molar solubility of Са, (РО), = x = 1.142 х 107 M 

Equilibrium concentration of Ca?* ion = Зх = 3.426 х 107 M 

Equilibrium concentration of PO} ion = 2x = 2284 х 107 M 
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= 1142 х 107 M 





(b) Effect of Common lons on the Solubility of Sparingly Soluble Salts 
In the discussion of acid-base equilibria we have seen that in presence of strong acids (such 

as НСІ, HNO.) which ionize completely in aqueous solution, producing equivalent amounts 
of H* ion, the ionization equilibria of weak acids (such as acetic acid, hydrofluoric acid etc.) 
are depressed. Let us now see, how the solubility of a sparingly soluble salt is influenced by 
the presence of a common ion. Let us consider the solubility equilibrium of lead chloride, 
PbCl,, which is precipitated on addition of dilute hydrochloric acid solution to an aqueous 
solution of a soluble lead salt, in Group-I of systematic group analysis (cf. Sect 4.4, 7.8). 

РЫСІ, (5) = Pb?'(ag) + 2С (ад) 

ix) (x) 2x) 
Em = [Pb^*[CF P = 1.2 x 105 at 25°С. 


if x mollit Бе the molar solubility of the salt, then in a saturated solution of PbCI., 
the equilibrium concentrations of Pb** and CI- ions are respectively x and 2x mol.lir E 


КЕ (x)(2x)* = 4 = 12 х 10> 


— — 


? * 
12x10 | 144 10 M 


^ [Pb |= =| 1 
n [Cl] = 2x = 2.88 х 107? M 
Suppose, to a saturated solution of РЬСІ, some (say 0.1 mol.lir* ) sodium chloride (NaCl) 
is added. Because of complete ionization, NaCl produces 0.1 mollit of the CI- ion, which 
is а common ion of РЬСІ,. Under this condition the new concentration of chloride ion will 
be, (2x + 0.1) mollit. , which is much larger than the СЇ ion concentration in the saturated 
solution of PbCl, in absence of sodium chloride. Since the solubility product (К...) i5 a constant 
at a particular temperature, equilibrium concentration of Pb?* ion, hence, the solubility of PbCI., 
will diminish accordingly. 
b= [Pb^*][CFP = (х)(2х + 0.16 = 12 * 107? 
= = (x) (2.88 х 102 + 0.1) = 1.2 х 107 
гох = 7.23 х 107 M 
Similarly if 0.1 M lead nitrate solution is added to the saturated solution of PbCI., РЬ“ 
produced by lead nitrate exerts common ion effect and lowers the solubility of PbCI,. 
—— [Pb] [C] = 1.2 х 1075 
г, [Pb?*] = 1.44 х 1072 (M) 


Therefore, after addition of the salt, 
(144 x 102 + 0.1) (2х)? = 12 х 107 


+ х= 512 x 10° M 





Problem (2.2) 

(1) Calculate the molar solubility of Мерк, = 7.4 х 107"! at 25°C) 

(1) in absence and (n) in presence of 0.1 M MgCl, solution. 

it appears, therefore, that, solubilities of sparingly soluble salts are diminished in presence 
of electrolytes producing common ions. provided that the common ions do not participate in 
any side reaction, such as complex formation, formation of compounds of stoichiometry other 
than the parent sparingly soluble salt. Such a phenomenon is called common ion effect. 


(€) Coprecipitation and Post Precipitation 

The phenomenon of contamination of a precipitate with a substance that is soluble under 

the condition of precipitation is called coprecipitation. 

Examples (2.19) 

(i) Fe(OH),, during its precipitation, may drag down Zn(OH), if Zn?* is also present in the 
solution along with Fe? 

(ii) Calcium oxalate precipitate may be contaminated with calcium hydroxide, sodium oxalate. 

(їн) Fe(OH), and АКОН), may drag down Ni™ (аф) and Ni(NH.),7* ions. 

On the other hand, contamination of an impurity after precipitation of the desired 
compound in pure form is termed as post precipitation. This occurs if a precipitate 15 allowed 
to stand in the solution containing slightly soluble analogous compounds containing a 
common ion. 


Examples (2.20) 

(i) CuS is precipitated in pure form when precipitated from a solution containing both Cu*' 
and Zn?” ions in 0.2-0.3 N acid medium. Since under this condition only the solubility product 
of CuS is exceeded. whereas, that of ZnS 15 not exceeded (e.g. К. value at 25°C of CuS 
and ZnS are 6 х 1072 and 1.6 х 1077 respectively). But if the precipitate of CuS is kept 
in contact with the solution containing Zn^* and H,S, then the precipitate of CuS is slowly 
contaminated with ZnS. 

Other examples of post precipitation include: precipitation of ZnS and NiS (precipitated 
in ammoniacal medium) on HgS and Bi,S, which are precipitated in strongly acidic medium, 
precipitation of FeS on CuS and precipitation of magnesium oxalate on calcium oxalate. 

Coprecipitation and post precipitation may involve 

(i) Substitution of one ion by another of the same kind in the crystal lattice of the precipitate. 

(11) Adsorption of the impurity on the surface of the precipitate. 

(iii) Ocelusion i.e, physical trapping of the mother liquor containing the impurity. 

(iv) Mutual. precipitation of suspended colloidal particles. 

The degree of contamination hy cither of the above processes, of course, depends upon 
the concentration of the foreign materials. The extent of contamination is decreased considerably 
at lower concentration of the impurities. Precipitation under hot condition or at boiling condition 
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favours faster coagulation of the precipitate, consequently the extent of contamination of 
impurity is lower. 


(d) Effect of p|H] on Solubilities of Salts 


Solubilities of sparingly soluble metal salts derived from weak acids are offen influenced 
by p[H] of the solution. In general, solubility increases with lowering of p[H] (i.e, increase 
of acidity) of the solution. This is because, the anions (1.е., the conjugate bases) of the weak 
acids, generated in the solubility equilibria of the salts, tend to strongly bind with the protons, 
as a result, the solubility equilibria are right shifted in favour of the anions, consequently 
solubilities increase. Let us consider the solubility equilibrium of calcium carbonate, CaCO, 
(Ky. = 5. 107^ at 25°С); 





CaCO, (s) = Ca?'(ag) + COZ (aq) K, = 5 х 10° 


Con ion, being the conjugate base of the weak acid (НСО, ), combines with a proton 
to form HCO,” ton, 

COT (aq) + Н.О? (ag) = НСО, (ад) + Н.О) Kuco, = 5.6 » [nl 

So, the net reaction 15, 

CaCO,(s) + H,O'fag) = HCO, (aq) + Ca” (aq) + H,O(1) 

As COZ ions are removed from the solubility equilibrium of CaCO,/s), more and more 
CaCO,/s) dissolve to restore and maintain the solubility equilibrium. 

In qualitative inorganic analysis, we often come across salts whose solubility and 
precipitation from solution are strongly influenced by p[H] of the solution. Such compounds 
are sulfides, hydroxides, carbonates, phosphates, borates, silicates, fluorides etc. In systematic 


group separation of cations, we come across varions types of precipitation reactions which 
are p[H] dependent. These are discussed in the following sections. 


(e) Precipitation of Sulfides 


Copper and Arsenic group metal sulfides (Group-IIA and IIB of systematic group 
separation) are precipitated in acidic solution ([HCI] = 0.1 M], whereas, the Zn-group metal 
sulfides (Group-IIIB of systematic group separation) are precipitated in NH,CI — NH. buffer 
medium (p[H] = 10). Consideration of the solubility products (expressed in pK. values 
Table 2.3) of some metal sulfides of these groups will reveal that a comparatively lower 
sulfide (S2-) ion concentration, as available in a saturated solution of H,S ([H5S] = 0.1 
М), (in acid medium, [НСІ] = 0.1 M) is sufficient to execeed the solubility products of 
the copper and arsenic group metal sulfides, leading to their precipitation, keeping the 
Zn-group metals in solution. Precipitation of Zn-group metal sulfides occur at much higher 
concentration of S> ion, as available in ammoniacal/alkaline solution, (NH,CI - NH, 
buffer, p[H] = 10). 
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Table 2.3: Solubility products (PK „ values at 25°C) of some metal sulfides 


Zinc group metal sulfides 





(i) Precipitation of sulfides with Н, - water 


Hydrogen sulfide (HS) is moderately soluble in water. Saturated solution of H,S in water 
at 20-25°C at | atm. is = 0.1 M. In aqueous solution H4S ionizes as a weak diprotic acid, 


H.S SH 4 HS Kiss =13% 1077 (at 25°C) 
is a Дуа Kus ~ 7.1 x 10-15 (at 25°С) 
Over all reaction: HS = 2H* + S 


2 . a  [H* [HS] | [H*][S*7} _ [HEB] 
Kis: Kis = [95] [HS7 [H5S] 


^. Sulfide (S^) ion concentration in a saturated solution of H-5 ([H,S] = 0.1 M) will be, 


152-7 = Mus Кн5[Н25] (13 1077) 74 х 107 PY. 10722 F 
[H+] [H*]" үн] 
As the S^- ion concentration shows inverse square dependence on Н” ion concentration, 
metal sulfides with lower solubility products (higher рК. values) will precipitate at lower $2- 
ion concentration as available in acidic solution and those with higher values of solubility 


products (lower pK, values) will precipitate at highter sulfide ion concentration, as available 
in alkaline (ammoniacal) medium. 


In 0.1 M НСІ medium: [H*] = 0.1 M, 





0 
[S] === = 10-2 м. 


(0.1)* 
In NH,CI-NH, buffer solution: p|H] = 10, [H*] = 10779 M 
-22 
[5°]= (10-192 * 1077 M } 


Let us calculate the hydrogen ion concentration or p[H] of precipitation of a metal sulfide 
(MS) from a solution, in which the concentration of the metal ion is C mollit, by treating — 
the solution with H,S. At the end of precipitation, the metal sulfide, metal ion and sulfide 
ion remain in equilibrium, which is essentially the solubility equilibrium of the metal sulfide, 
written in the opposite direction: 


M?*(ag) + S^-(ag) = MS(s) 
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o 
The solubility product (Ks) of the metal sulfide is given by, 
Kus = [M'']IS] 


The completeness of precipitation may be expressed by a parameter, called recovery factor 
(К). which may be defined according to, 


ee m 
ginal quantity of M ( 
n [M] = CU - Ry) 

where, [M?*] = equilibrium concentration of [М2] ion in solution left behind even after 
precipitation. For an ideal separation, [M**] — 0 and so, Куэ 1. For establishing the condition 
for almost complete precipitation of the metal sulfide, the value of R,, should be chosen as 
close to | as possible. Suppose for a particular separation, the required value of R,, = 0.999. 
To accomodate the experimental errors, impurities in the reagents, uncertainties in the values 
of the physical constants used, one should aim at a still higher value of R,,, e.g. R,, = 0.9999, 
to achieve the desired value of R,, = 0.999. 

Substituting the values of [S^] and [M?'] in the expression of solubility product, one 
obtains, 


| 0-22 
Kus = C(I Км "tj 


[H+] = 2 Ry, 26 


ra 


Kms 


|J — 





1 _{ Kuao” 

[H*] ~ | CO=Ry) 
For a macro analysis R,, = 0.999. To achieve R,, = 0.999, one has to aim at a highter 
value of Ry, = 0.9999 (say). If the concentration (C) of the metal ion is 107^ mol lir !. then, 


C(I- Ry) = 10-1 = 0.9999) = 107.104 = 105 


Denoting the [Н] under this condition as [H"},,-6 ‚ one obtains, 
| 222 1 
T ped Sys | = (Kyys.108)? 
[H"],,-6 10 
10 
Therefore, AH], p- of complete precipitation of the metal sulfide (MS) will be 
| 
АН] 9-6 = M = 5 PKs 
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Similarly for a metal sulfide of the formula, M,S,, for which the solubility equilibrium 
15, 
M,S.(s) == 2M” (ag) + 35° (ад) 
Kus, = [М?*р[52-р 
it тау be shown that, 
| v 
pH], g- = |3— g PMS; 
and for a metal sulfide of the formula, M,S, for which the solubility equilibrium is, 
M,S/s) zx 2M" (ag) + S*(aq) 
Kuss = [M'PIS] 


he 
Н] 1777 pKyss 


Thus, it is possible to calculate the РАН], xé Of precipitation of different metal sulfides 
using these relations if the solubility products of the sulfides are known. 


Table (2.4): | pH]... of precipitation of some metal sulfides. 





* These are all calculated values, and are improbable, but these mean high concentrtion of 
Н” ion. 


It 15, therefore, possible to precipitate one metal ion as its sulfide keeping even another 
metal ion of the same group in solution by properly maintaining the acidity or p[H] of the 
solution. A specific example is capillary separation of Cu?* and Cd?* ion on a filter paper 
by precipitation of their sulfides at different acidity (cf. Sect. 7.8). Although both CuS (black) 
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and CdS (yellow) are precipitated in dilute hydrochloric acid medium [HCI] = 0.1 ~ 0.3 M 
for complete precipitation of CdS, acidity should be 0.1 M or lower, but complete precipitation 
of CuS occurs even at much higher acidity than this. 
| Now, if a filter paper is spotted with drops of a solution containing both Cu^* and Cd?* 
ions in dilute HCI (~ 0.1 M) medium, and then a drop of H,S-water is added, a black spot 
appears. Although both CuS (black) and CdS (yellow) are precipitated, only the black colour 
of CuS is visible, as the yellow colour of CdS is completely masked by the black colour of 
CuS. Alternatively, the filter paper may be spotted with a freshly precipitated white slurry of 
zine sulfide (ZnS) and then a drop of the weakly acidic/neutral or ammoniacal solution of 
a mixture of Cu** and Cd?* ions may be added, when a black spot due to CuS is observed. 

M^' + H,S 2 MS+ + 2H* 

M** + ZnS ә MS% + п>" 

(M = Cu, Cd). 

Since the solubility product of ZnS (Kz, = 10774) is much higher than the solubility products 
of CuS (Kec = 3.2 х 10779) and CdS (K oys = 1079), in acidic medium ZnS passes into solution 
leaving sufficient S™ ion concentration for precipitation of CuS and CdS. 

Now if a solution of (1:1) dilute HCI (i.e. 6 M HCI) is held on the black spot using a 
capillary dropper, the black spot remains as such, as CuS does not dissolve in the HCI solution. 
But CdS partly dissolves in the НСІ solution and a colourless moist ring containing Cd" (aq) 
ion and H,S(aq) moves outword by capillary action, the black spot remaining at the center. 


Са) + 2H'(ag) = Cd** (ад) + H,Sfaqy* 

After the moist ring has moved away a reasonable distance from the black spot, if the 
paper is held over ammonia gas, a yellow coloured spot due to CdS appears out side the black 
spot of CuS, 

Са2* (ag) + H,S(aq) + 2NH,(q) — CdSís) + 2NH,' (ag) 
Problem (2.3) 

A solution which is 0.01 M in CuCl, and CdCl, in 5M HCI, is saturated with H,S gas 
at 25°С. What % of CuS and CdS will be precipitated? [Given: Ке = 32 * 10725, 
Ke = 1 х 10726 at 25°С] 

Solution: 

[H*] ion concentration required to be maintained for precipitation of a metal sulfide (MS) 

is given by, | 


we 
н) = C к)10722 P? 
Kus 


where, К, = solubility product of MS, C = original concentration of the metal ion in 
solution and R,, = recovery factor which is a measure of completeness of precipitation. Ry 
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is defined by, Ry, = (C — [M?*]VC, where, [M**] = equilibrium concentration of the metal 
ion in solution, even after precipitation of MS. 
Er Кыс 
3 ERA | * 


For Cd**: С = 0.01 M, for CdS (К = 10), 


+12 410726 1422 д 4 
| (ape р. ! * 19 нер «107 


— 
- 


Since НСІ is a strong acid, it is completely ionized in aqueous solution, 
. [H7] = [HCl] = 5M 
«(E = Ry) = (SP x 10? = 025 
. Ry, = 0.75 
. Ryu% = Ry х 100 = 75% 
^ 75% of Cd™ will precipitate as CdS and 25% of Cd?* will remain in solution. 
For CuS (Ku. = 3.2 х 10756) 
n - Ry) = B] «Есш „(Ех лге Ж 107! 
„В = 1-25 х 1077 a | 
. Ry% = 100% 


Therefore, when 25% Cd?* remains in solution, CuS is precipitated almost to the extent 

of 100%. 
, 24 ; 

[* Ry = aE a 1" =I, ^ C- [Cu] = C, ie [Cu?*] = 0. That is, concentration of 
Cu** in solution will be practically zero.] 
(ii) Separation of metal ions by selective precipitation of sulfides 

If a reagent, added to a mixture of cations, reacts selectivily with certain cations to produce 
sparingly soluble compounds while leaving the others in solution, separation of the cations 
from their mixtures may be possible through such reactions. In the systematic group separation 
of cations, when dilute HCI is added to the solution containing a mixture of AgNO, and CuSQ,, 
curdy white precipitate of AgCI appears in Group-l, whereas, Cu2* ion remains in solution. 
If an acidic solution of CuSO, and ZnSO, is treated with H,S-water, only black precipitate 
of CuS appears in Group-II leaving Zn?” ions in solution. Zn?* is also precipitated as white 

. coloured ZnS, but not in acidic medium as in Group-Il, but in ammoniacal medium in Group- 


- 


IIIB. Similarly Pb?*, Hg?*, Cd?* are precipitated as their sulfides in acidic medium in Group- 





Il, whereas, Mn^*, Co?*, Ni?* are precipitated as sulfides in ammoniacal medium in Group- 
HIB. This implies that the sulfides of Group-II metals are much less soluble in acidic medium 
than the sulfides of Group-IIIB metals. The separation of metal sulfides (MS) in acidic medium 


from their aqueous solutions is based on the magnitude of the equilibrium constant (К) of 
the following solubility equilibrium, T 


MS(s) + 2H,0*(ag) = M?*(ag) + H,S(aq) + 29,0(1) 
_ [M^* J[H;S] 
[H,O" ]' 


The constant, К,а called the solubility product in acid, is related to the traditional solubility 


s" 


product, K, of metal sulfide (MS) through the ionization constants (KJ and КЇ!) ОЁН, 
in aqueous solution: 
HS = Ht + HS- 


_ [H*][HS7] 


H 
adu: 


HS- = Н? + S% 
KH = [8*7] 
[HS ] 


нн [91527] 
KEK: = gy 


- [S>] = кикїўгн›5]/[н*] 
For the traditional solubility equilibrium, 
MS(s) = M” (ag) + S% (aq) 
the traditional solubility product (Kp) is given by, 
кы” [M?'][S?-]. 


Substituting for [527], one obtains, 
2+ 
Кеа IB te = Ka KI -K3 


A RET 
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The traditional solubility produt, K., in its definition, involves the equilibrium concen- 
trations of the metal ion (M?*) and that of the fully deprotonated form of H,S, ie. [S?-] ion. 
But the concentration of S* ion іп a saturated solution of H,S in water, depends upon the 
analytical concentration of H* ion in the solution and the values of successive deprotonation 


constants КЇ! and Ke of H,S at the experimental temperature. Although precise value of 
Kt! is experimentally determinable, there is, a lot of uncertainty on the reported values of 


К, which range from 1.3 х 10-' to ~ 1079. Such a small value of Kj! implies that 52 


ion is strongly basic, like O^" ion and as such it is not an important species in aqueous solution. 
The constant, Ka on the other hand, involves the analytical concentrations of the metal ion 
(M^). unionised dissolved H,S molecules [HS]. and hydrogen ion, [Н] or (H,O"]. Koy in 
fact. is a practical constant, and is more useful in predicting the possibility of separation of 
metal ions by precipitation of their sulfides*. Separation of sufides of course, depends upon 
the adjustment of H.O* ion concentration, so that the magnitude of the reaction quotient (Q , 
where the subscript “с” implies concentration quotient) exceeds К. for very insoluble sulfides, 
but not for the more soluble ones. 


Example (2.21) 
(1) If 0.01 M solution of a metal ion (M2*) in 0.3 M HCI medium is saturated with Н, 
gas providing [H,S} = 0.1 M, the reaction quotient (Q.) will be, 
 [M^')(H;S]  (001X0.) 
[H,O^] (03) 
From a comparison of this value of Q, with the К. values at 25°C of some Group-ll 
and Group ШВ metal sulfides given below, it will be evident why the Group II metal sulfides 


are precipitated in acidic medium, but the Group-IHB metal ions remain in solution under this 
condition. | 


Q. 141* 10* 


"t 


Metal sulfides (Group-1l) Metal sulfides (Group-IIIB) 

MS Kom <Q, MS Кш 0, 

HgS 2 х 10722 MnS 3 x 10! 

PbS 3 x 10-7 CoS 4x107) 

CuS 6 x 107/9 NiS 8 x 107! 

(Precipitated in acidic solution) (Not precipitaled in acidic solution) 
Problem (2.4) 


(1) Ky, values of CdS and ZnS at 25°C are 8 х 1077 and 3 х 107 respectively. What 





* R. J. Myers, J. Chem. Educ., 1986, 63, 687-690. 
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will be the observation if a solution, which is 0.005 M in Cd2* and 0.005 M in Zn?^* in 0.3 
M HCI medium is saturated with Н,5 gas providing [H,S] = 0.1 М? 
— 0.0 
(Q.) = SARSI SND = 556 х 107 
+ (KR JCS < О, < (К, „)7п$ 
Therefore, yellow precipitate of CdS will appear, leaving Zn^' ion in solution. 
(f) Effect of p|H] on the Precipitation of Metal Hydroxides 
(i) p[H] of precipitation of metal hydroxides 
In qualitative inorganic analysis we come across several metal ions which form sparingly 
soluble hydroxides. Mostly the metal ions of high charge and small size (i.e. those with high 
ionic potentials) strongly polarize the O — H bonds of coordinated HO molecules, eventually 
leading to deprotonation of the hydrated metallic ion. In section (2.1.f) dealing with p[H] of 


aqueous solutions of salts, we have seen that aqueous solutions containing. Fe(H30)7* , 


Al(H30)* etc. ions are fairly acidic due to deprotonation of coordinated water molecules. 
With succeussive deprotonation of a hydrated metallic ion, its charge gradually decreases and 
eventually electroneutral hydroxides precipitate: 


Fe(H30)?* = Fe(H,O)(OHY* + Н" 
Fe(H,O).(OH)** = Fe(H,O)(OH),* + Н" 
Fe(H,0),(OH)," = Ре(ОН), (ад) + Н? 
Fe(OH)s(ag) = Fe(OH), (5) 

Increase of p[H] (i.e, decrease of H^ ion concentration), therefore, favours the precipitation 
of metallic hydroxides. 

Since the solubility products of hydroxides of common metal ions differ widely (Appendix- 
A4), this offers a means of qualitative identification and also quantitative separation of metal 
ions by precipitation of their hydroxides by adjustment of p[H] of the solution. 

Let us first find the p[H] of complete precipitation of a metal ion, M", as its hydroxide, 
M(OH),,. The precipitation equilibrium of the hydroxide is, 

M"* + mOH- = M(OH), 4 
Solubility product (К. of the metal hydroxide, М(ОН), „ is defined as, 
(Км = [M"*] (OH) 

If the initial analytical concentration of the metal ion is Cy, (mo lir !), and М" is the 
only form in which the metal ion can exist in solution, then the fraction of the metal ion 
precipitated as hydroxide, (i.e, the recovery factor) Ry, will be equal to, 


=M" 
~ Ry Sue 
+ [M^"*] = C (I - Ry) 
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where, [M"'] is the equilibrium concentration of M"" ion in solution even after 
precipitation. Substituting this value of (M""] and of [OH] = K,/[H*], one obtains, 





(Ku = Cy! Ку). (К / [H^ 


| | 
| : * | n 
x [GN Iu - RJ] ' 


, | , | ' 
^ p[H] = pK, - == PAR м = = log С м(1= Ray) 


For a typical analysis, C,, = 102 (moldir), the recovery factor R,, should be = 0.999. 
To achieve this value of R,,, а still higher value, say Ry, = 0.9999 should be aimed at to 
accomodate the uncertainty in the literature values of the constants used, errors in p[H] 
measurement and impurities in the reagents used. 

Therefore, C, (1 — Ry») = 107201 — 0.9999) = 10.107 = 1075. If the p[H] value signifying 


this condition be НІ 6, then, 
AHJ a= pK, - К.) +2 
in MV n E M m 
At 25°C, pK. = 14, therefore, Н] s values for almost quantitative (~ 99.99%) 


precipitation of the hydroxides of metal ions of charge m = +2, +3 and +4 will be, 


| | 6 Vee 
m = +2 ИН] = 1 7 SPR t7 = 17-5 АК, )м 
ү 6 ^ 
m = +3 AH) = Id - > Ra) + > 7167 = pl Kop) 
| 6 | 
т = +4 АН] 6 = I4- 3 I — 155 = т PCR 


Problem (2.5) 


Find the Pl Hlo of precipitation of the following metal hydroxides of which the solubility 
products at 25°C are given in the square brackets [ ]. 

Mg(OH), [6.3«107 9], Маон), [1.6х107!3], Cr(OH), [5x107!] 

Fe(OH), [2.6«107*], Fe(OH), [3.210716], Co(OH);[2.5x107*] 

Ce(OH), [1x10755] 

(ii) Precision of pH] adjustment for precipitation of metal hydroxides 

In actual analysis, when a metal ion (M"") solution is treated with a base, precipitation 
is initiated when p[H] of the solution rises to certain value at which the solubility product 


of the metal hydroxide, M(OH),,, is just exceeded. As the ОН” ions are removed due to 
precipitation of the metal hydroxide, no further precipitation can occur until additional amount 
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of the base is added, e. the p[H] is further increased. Again, in presence of a large excess 
of alkali, cirtain metal hydroxides, (e.g. ANOH),, Zn(OH),, Pb(OH), etc.), because of their 
amphoteric nature, dissolve in excess alkali, producing hydroxo complexes It is, therefore 
important to add just sufficient base, so that precipitation of the desired hydroxide i complete 
(i.e, recovery factor Ry, = 1), without any side reaction leading to its dissolution. To establish 
such а condition, the p[H] of the solution should be increased from the p[H] of 
incipient precipitation (К,, = 0) to a p[H] of complete precipitation, at which Ry, = 1, more 


a T | = | 

ppropriately, К,, = 0,9999, [f [H" Јр, so and [H™ Ја, 209999 be the hydrogen ion 
EN M of the solution for incipient precipitation and complete precipitation respectively 
then, E 


| Cae | 





— — n 
[H км 20.9999 е К (См) (1-09999)" __. | е 
| | — А” 
TTE — , it 47 
[H* — — lKa 00) 
| 
Ky (Cy) | 
1-0)” 


Taking logarithm оп both sides, one obtains, 


logio — login =4/m 


| 
[Н Ја, 099 [Н” Jaye =o 


e PLH ]к ү =0 9990 - Н], so ES АДН] -4/m 


Therefore, the extent to which the p[H] of the solution has to be inereased (ApH), from 
the p[H] of incipient precipitation to achieve complete precipitation, depends upon the metal 
ion charge. For metal ions of charge +2, +3 and +4, the ApH values will be as follows: 

m *2 +3 +4 


Ap[H] = 4/m 2 1.33 | 


(iii) Separation of metal ions by precipitation of hydroxides 

When the solubility products of the hydroxides of two metal tons are widely different, it 
is often possible to precipitate one metal as its hydroxide keeping the other metal ion in solution. 
Suppose, we have two metal ions in a mixture, the desired one, M"", of concentration 
C,,(mol.lit') and an undesired опе, N"*. of concentration Cy (mol.lit~'). Solubility products 
of the two hydroxides M(OH),, and МОН), be (Kpm and (Koy respectively, so that (K a)y 
«(Ky Since the solubility product of M(OH), is less than that of N(OH),, the former will 
precipitate at lower OH™ ion concentration (i.e., at lower p[H]) than the latter. We are to find 
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the relation between Км and (Кы: so that, when M(OH),, is completely precipitated 
(Ry = 1, more appropriately К,, = 0.9999) the total of №” remains in solution (i.c. 
Ry = 0). 
Precipitation equilibria of the two hydroxides are, 
M"" + mOH" z& M(OH), + 
№ + лОН- = N(OH) + 
Solubility products of the two hydroxides (Kody and (К, are defined as, 
(К.м = [M"*)[OH-]” 
(Ko )y = [N"*]OH-]' 
If M"" be the only form in which the metal M exists in solution, then the recovery factor 
К, of the desired metal ion M" is defined as, 
_ См - [IM""] 
См 
а [M""] = Cyll m. Ry) 
where, [M""] = equilibrium concentration of M™* in solution even after precipitation. 
^ (Ky = Cull — RJJ[OH7]" 


| 
E (Км J” 
5 OH be 1—2 
| [ м(1 = is 


Км 





This is the concentration of ОН” ion required for complete precipitation (Ry, = 0.9999) 
of M(OH),,. 


For no precipitation of N(OH),, (Ry = 0), at this OH- ion concentration, the necessary 
condition is, 
[№] х [OH"" s (К, у, 


п 
a+ (Kony "7 
(Koy 2 [N 180 
If N" is the only form in which the metal N can exist in the solution, then its 


equilibrium concentration, [N"*], may be taken as equal to its total analytical concentration, 
Cy, (mol.lir'), Therefore, 


Ke dion ale 

км зон сате 
s. 2 : n 
(Ko dal [Cull = Ry)" 
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For metal ions of same charge type, m = n, (n/m) = | 
K 
( sp JN > Cy 
(Kalm Cm- Ry) 
For a mixture of two metal ions at the same concentration, С,, = Cys 
(К) } | 
(Koa x Ry 


If the concentration of the undesired metal ions, №, is 10 times the concentration of the 
desired metal ion, M", i.e, Cy = 10 Cy. 








(Kou “t= Ry 





For a typical analysis, 
if Cy = 1072 (mol.lic'), Cy = Mmollic'), m + n, Ry = 0.9999, 


(Kody > | | 


((К)м1" [1077 (1 — 09999)]" 1072.10] 


B [2 Ks) - PUK. )y 2 6n /m 
for a system with m = n, (n/m) = | 
PIK om РОК, 206 
Problem (2.6) 
Test the feasibity of separation of the metal ions Fe**, Сг?* and Ма?” from their mixture 


by precipitation of their hydroxides. [Given: (К...) = 2.6 х 10%, (К, у, = 5 * 10, (Ku, 
= 6.3 x 1075 at 25°С] 


(g) Effect of p[H] on Precipitation of Phosphates 


Phosphates of most metals, other than those of the alkali metals and the ammonium salts, 
are sparingly soluble in water, but dissolve in dilule solutions of mineral acids (HCl, HNO}, 
H,SO,). Since phosphoric acid (H,PO,) is a weak triprotic acid (cf Sect 2.1.e), phosphate 


ion (РОЈ) (Le. the conjugate base of phosphoric acid) acts as a strong base. In presence 
of completely ionized mineral acids. phosphate is protonated in stepwise manner producing 
successively HPO2^. H,PO, and ultimately H,PO,: 

HCI + H,O — H;O"(ag) + Cl íaq) 

Са,(РОџ),(8) = ЗСа?' (ag) + 2POj (аф) pK,, = 32.68 
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PO} (ag) + H,0'(ag) <> HPO (аф) + HOM — pK, = 12.32 
HPO? (ад) + H O* (ад) <> H,PO, (ag) + H,O) pK = 7.21 
Н;РО (ад) + H,O° (ag) = H,PO,(aq) + Н,О() pK,, = 2.12 
As the acidity of the solution is gradually lowered, (i.e, p[H] is increased) the concentrations 


of HPOM HPO; and POT ions gradually increase, as a result, solubility products of metallic 
phosphates are exceeded, and the phosphate salts are precipitated. In alkaline or ammoniacal 
medium, most metallic phosphates (other than those of Nat, K*, NH,*) are precipitated. 
Phosphates of some metals [e.g., Ti(IV), Zr (IV), Th (IV)] are precipitated even in acidic 
solutions. With Fe(III) and AIII), hydroxides are also precipitated at the p[H] of precipitation 
of their phosphates. 

Concentration of various phosphate species at different p(H) may be viewed from the Species 
distribution curves of phosphoric acid (Fig. 2.1), which show that HPO, and HPO,” dominate 
the region below p[H] 4, H,PO,~ and HPO? dominate the region between p[H] 4 to 10 and 


the region above p[H] 10 is dominated by PO, ion. 


Concentration (%) 





Fig. 2.1. Speciation of phosphoric acid species as a function of p[H]. (for H,PO,: pK,, = 2.12, pK, 
= 7.21, pK, = 12.32 at 25°C) 


The speciation curves (Fig 2.1) may be constructed by calculating the equilibrium 
concentrations of the phosphate species at different p[H] using the ionization constants of H,PO, 
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and then plotting the concentration (%) against pf Н). If C (mol.lit^*) be the total concentration 
of phosphoric acid species, then at equilibrium, 


C = [РОД] + [HPO] ] + [H5 PO; ] + (H3PO,] 


3- H* ix [H*]' [H*]' 
= [POj i] "IT | 56 M 
| › [ Ki “кык E ККК; 





where, Kap К, К; are the first, second and third protonation constants of РОЗ” ion 
ie, the third, second and first deprotonation constants of H,PO,. 


« [Pol] = c 


* + 12 + 1) 
IET, [н 1н] 
at Kyo ККК, 





. [РО;](%) = — — "14 — +2 
| ТОТА | a ! 14 a 2 ! a 
Kal KaKa KaKa Кз 





where, Х = С, Inverse log (рК — p[H]) = Inverse log (12.32 — p[H]) 
M 





"uam Inverse log (PK. + PK — 2p[H]) = Inverse log (19.53 — 2p[H]) 
al**a2 


ТОР = Inverse log(pK,, + pK,, + pK- 3p[H] = Inverse log (21.65 — 3p{H]) 
ККК; 


Since К, у. K, and K,, are known, [PO] ]% in the solution may be calculated by using 
these relations from a knowledge of the pH of the solution. 


Once the [PO1"]96 at a p[H] is known, the concentration (?6) of the protonated phosphate 
species may be calculated using the following relations: 


H* 
(HPO; ]% = E por ]% = {РОЈ ]% 
[H; PO; ]% = ec {PO} ]% = MPO} ]% 


(HPO, )% = c [PO] % = {POY 1% 
In qualitative inorganic analysis, identifying tests of metallic radicals are required to be 
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conducted in acidic, neutral as well as in ammoniacal (or alkaline) medium. If phosphate ion 
is present, it does not interfere severely in the tests conducted in acidic medium, since, in 
acid medium, dominant phosphate species is the unionized molecules of H,PO,. As the acidity 
of the solution ts lowered, proportions of deprotonated phosphoric acid species gradually 
increase, eventually solubility products of many metallic phosphates are exceeded leading to 
precipitation of their phosphates, and this is how phosphate interferes the detection of metal 
ions in neutral as well as in ammoniacal medium. 

p|H] of precipitation of different phosphates may be calculated іп the same manner as the 
precipitation of metallic sulfides and hydroxides (cf. Sect. 2.2.¢., 2.2.f.). Solubility equilibria 
of the phosphates (MPO,) of a trivalent metal ion (e.g, Fe?*, AP*, Crt, Co?*, Мп?*), may 
be expressed as. 


MPO,(s) = M**/aq) + ро (ag) 

The solubility product, К, is defined as, 

K, = (М?) POT] 

If C,, be the initial concentration of М?” ions in solution, and if М?" is the only form 
in which the metal ion exists in solution and MPO (5) be the only compound that is precepitated 
from the solution, then the extent (or, completeness) of precipitation (i.e. recovery factor), Rys 
may be defined as, 

_ См - [IM^*] 
CM 
- [M^] = CC у) 


Км 


The PO ion is also involved in protonation equilibria according to, 
po} (ag + H'íag) > HPOJ (а) PKa = 12.32 
HPO; (aq) + Над) = H,PO4(ag) рК, = 721 
H,PO,"(ag) + Над) <> H,PO,(aq) pKa, = 2.12 


Net reaction: PO” (ад) + 3H'(ag) = H,PO,(aq) 


These are just the opposite reactions of deprotonation equilibria of protonated phosphate 
species (cf. p-25). For the net protonation equilibrium, 


_ [HT [POL 
Ka Ko Ka Ur 

tos 2 HPO 
joy) = К = ! 
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Substituting the values of [M?*] and [РОЛ] ions in the solution even after precipitation 
in the expression for K one obtains, 


K, = Call = Ru) KyK KE H;PO,] 
[H*]' 


| 
ЖИ e Ta SE. 
| [H'] См! = КАК aKa Kal HPO] 


^ АН S ОК + К, + pKa) =E pKy = blog Cy(l ~ Ку Л[Н;РО,] 

For a typical analysis, let C,, = 10 M and the required value of R,, = 0,999, To achieve 
this value of Ry, a still higher value of Ry, i.e, R, = 0.9999 should be aimed at to accomodate 
the uncertainties in the values of the constants, K K and K,.; impurities in the reagents 
and errors in the p[H] measurement. Thus. 


См 7 Ry) = 107. (1 — 0.9999) = 107.104 = 1075 
For H,PO, ККК = 107232107721 197.2 = 1972165 

A pK, + pK, + pK, = 21.65 

s Cull- Ry) KKK, = 10591021658 1972765 


If the H* ion concentration under this condition be denoted by [H"], -s , then, 


10) 


| | Ку - Km : 
[Ht] e (07 5u,90,]] | ЇН;РО,) 


| P. | 
Ж АН) s = 922 -3PKs = 3 log[H;PO,] 


Thus, the H* ion concentrations required for precipitation of the phosphate salts depend 
upon their solubility products and the equilibrium concentration of H,PO,, i.e, indirectly оп 


the PO, ion concentration. 
If [H,PO,] = 001M = 102 M 
AH], 6 = 922-4 pK, - 108001) 


| | 
= 922 -303) - РК 


ve AH), s = 989 ~ + PK 


i 
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Similarly. if [H,PO,] = 0.1 M = 107! M. 


p[H] = 922 - = log(0.1) - Трк, = 922 - 1(-1у- Tp 


3 
© pH] = 9.55 - Трк, 


Thus, at lower concentration of H,PO,. precipitation of phosphate will occur at higher p[H]. 
Example (2.22) 

(1) At what p[H] will FePO, precipitate to the extent of 99,9994 from a 0.01 M solution 
of Fe?*, if the concentration of HPO, in the solution is (i) 0.01 M, (ii) 0.10 M? [Given: 


solubility product of FePO, = I. 3х10-2 апі К. Koz and K,4 of H,PO, are 4.79 x 107", 
6.17 х 1079 and 7.59 х 103 respectively at 25°C) 


кыга» 107 ^ pK, = 21.89 
Ka = 4.79 x 10" ^ pK, = 12.32 
К, = 6.17 х 10% ^ PK, = 721 
K = 7.59 х 107° рК, = 2.12 


7. pK, + pK, + pK, = 12.32 + 7.21 + 2.12 = 21.65 


| | 
ИН] = 5 (PK, + РК, + pK) - ЗРК, - 1 log Cyll — RjJ[H,PO,] 

Now, C,.(1 - К.) = 107.104 = 10% 

For FePO,, рК, = 21.89 


2 p[H] = + (21.65) - 4 (21.89) — ilogl0-*.[H;PO,] 


p(H] = 1.92 – + log[H,PO,] 


For [H,PO,] = 0.01 M 


ІН] = 1.92 — + log(0.01) = 1.92 - 1 1051022 = 1.92 + 2 


3 
= 2,59 
For [H,PO,] = 0.1 M 


РІН] = 1.92 — $ log(0.1) = 1.92 - 3iog(10-)) = 1.92 + ! 


= 2.25 
Or, simply by applying the relations deduced above, опе may obtain: 
For [H,PO,] = 0.01M 
| l= F l z^ 
рН] = 9.89 1 31.89 = 2.59 
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For (H,PO,] = 0.1M 
plH] = 9.55 – 4.21.89 = 2.25 


Problem (2.7) 
(1) Solubility product of АТРО; is 5.75 х 107?. At what p[H] will it precipitate to the - 

extent of 99.99% from a 0.01 M solution of AP". if the concentration of H.PO, is (i) 0.01 M 
ne 0.10M? (Given: pK j pK... РК, of HPO, аге 12.32, 7.21 and 2.12 respectively at 

pK, + pK, + pK, = 12.32 + 721 + 2.12 = 21.65 

pK, = -logK,, = -log,)5.75 х 1071? = 1824 

с = 102M 

Ra% = 99.99% 

^ Ry, = 0.9999 

(1 — RA) = 1 — 0.9999 = 10-4 

SCA - Ry) = 107,104 = 10$. 


pH], s of precipitation is, 


| | | Э 
РАН] 0-6 "3 (РК, + pK T pK) п, РК» М 7 108 10 "[H;PO, ] 


= 3001.65) - + (1824) – + (1010) - 3 (loefH; PO.) 


C | 
= 3.14 — = log[H;PO,] 
(i) For [H,PO,] = 0.01 M 
Н] sm 3.14 — $ log(0.01) = 3.81 
(ii) For [H,PO,] = 0.10M 
АН] „6 = 314 - 3 log(0.1) = 347 


Solubility equilibria of bivalent metal phosphates, M,(PO,),, (М = Pb?*, Ba**, $г?*, Са?*, 
Mg^*, Mn2*, Cu?*, Zn?* etc.), may be represented as, 


M,(PO,),(s) <> 3M?*(aq) + 2PO, faq) 
The solubility product of M,(PO,), may be defined as, 
К = [MP [Pos | 
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If M?* is the only form in which the metal ion exists in solution, then the extent of 


precipitation (or, recovery factor), Ry, is given by, 


к. CM IM] 
M См 
where, [M?'] is the equilibrium concentration of M?* ion even after precipitation. 
Equilibrium concentration of poy ion is given by, 
[PO] ] - | акакат 
[H'] 


If М.(РО, }., is the only compound that is precipitated then, 


| KaKaKi[HjP04] V 
к» = Cut - ку «| Dar КЇН; 1 


ПЫ 

For a typical analysis, C,, = 107?M 
R,, = 0.9999 (for almost complete precipitation). 
^ Cull- Ry) = 107(1 — 0.9999) = 10°. 


If H* ion concentration under this condition is [Н] s ‚ then. 





| 
SEA к 6 
[H'] 4 — (007) (КК, Кз) (НРО 


| | E 
5 РН] — = 3 + (рК, + рК, + pK) - РК - 3 log[H;PO,] 
> pK,, + рК„ + pK,, = (12.32 + 721 + 2.12) = 21.65 
| | | 
* АН] 0-6 = 1022 РК» ~ 3 leg[H;PO,] 
For [H,PO,] = 0.01 M 


| | 23 
РІН] 6 = 1022 - PKs ~ 3198010 n) 


Y" | 
^ АН], = 1088 — = pK, 
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For [H,PO,] = 0.10M 


P | кы 
AH), — z [022 - РК» ~ 31910 ) 


| A | 
4 PIH) 6 = 1055 - = рК, 


pi H Jit of precipitation of some common bivalent metal phosphates for [H.PO,] = 0.01M 
and 0.1M are calculated using the above equations (Table 2.5). 


Table 2.5: p[H] of precipitation of some bivalent metal phosphates, M,(PO,),. 


[H,PO,] = 001M — [H,PO,] = 0.10M 















MPO); К, (25°С) pK, 















Pb.(PO,), 7.9x107* 
Zn,(PO,), 9.1х10733 32.04 
Ca,(PO,), 2x 10-29 28.70 
Mg,(PO,), 1x10" 







Solubility equilibria of monovalent metal phosphates, such as, Ag.PO,. may be represented 
as, j 


Ag,PO,(s) = 3Ag'(ag) + PO, (aq) 
Ko = [Ag*P[ Poy” ] = 13 х 10720 (25°C). 


If C, , = 0.01M, Ry, = 0.9999, one may obtain for [H,PO,] = 0.01M. 


Ag 
и 
РІН] 0-6 = 13.88 3 pK,, = 7.25 
For [H,PO,] = 0.10M 
| 
PIH] e = 13.55 -3PK = 6,92 


For а tetravalent metal phosphate, such as, Zr,(PO,),, the solubility equilibria, assuming 
74% 15 the only form in which the metal ion exists in solution and Zr,(PO,), is the only 
compound that precipitates, may be expressed as, 


Zr(PO,),) => 3Zn''(ag) + 4 POS (ag) 


к = [Zr** PI РО | 
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Recovery fator of Zr may be defined as, 
E 4 + 
Ro, = E 
it 


where, [Zr*] is the equilibrium concentration of Zr** even after precipitation of Zr,(PO,),, 
and Су, is the inital concentration of Лг“. 


4 
ў KK, ; K,.[H PO 
. Kon = [Cz (1 - Rz pr KaKa Kalkoa 


[H* T 
For a typical analysis, Cj, = 10°M 
R, = 0.9999 (for almost complete precipitation) 
i Cy (1 — Ra) = 107201 — 0.9999) = 107 
For НРО КК К, = 1070279 1972119? 9 = 10915 
4 
-2465 
‚ к, = (1075) 10 AR FO) 
[H lod 





| Г 
_ 10-18 10-566 | LH3PO4) 


_ ү-н» [Н2РОЗЇ 
[H*] 


vs -8722- pK, -4 
For [H,PO,] = 0.01M, p{H], 6 = 872-75 pK, - S log(10 7) = 938 - 77 pK, 


| | nat | 
For [H,PO,] = 0.10M, PIH) 0-е = 8.72 - 1; РК» - 310010 ) = 9.05 - ту РК» 
For Zr,(PO,),, К, = 1 х 1072, ie, pK... = 132 at 25°C 
^. For [H,PO,] = 0.01M. 
ИН] в = 938 - уу х 132 = -1.62, 
and for [H,PO,] = 0.10M, 


ИН] ув = 9.05 – уу х 132 = -1.95. 


EI 





М2 
Although the negative p[H] values are undefined, nevertheless, these values mean the 
solution is strongly acidic. That is, zirconium phosphate is precipitated in fairly acidic solution. 
The above approximations represent only partial pictures of the solubility equilibria, since 
the precipitation of the metallic hvdroxides and the basic salts have not been taken into 


consideration in the calculations of Pl H] ee. However, the results, although approximate, 


provide scope for designing experimental conditions for removal of the phosphate radical from 
the solution before proceeding to perform the tests for cation radicals in neutral and ammoniacal 
medium. As for example, if the p[H] of the test solution containing phosphate radical is adjusted 
with a buffer solution of appropriate p[H], the metallic phosphates whose solubility products 
are exceeded with the prevailing phosphate ion concentration at this p[H], are precipitated, 
if such metal ions are present in the test solution. The remaining phosphates, if any, may be 
removed by addition a suitable metal ion solution adjusted to the proper p[H]. In systematic 
group analysis, the phosphate removal is cairied out following this principle. 

If the test solution containing phosphate is rendered ammoniacal with NH,Cl and ag - 
NH, after precipitation of Group-Il metals as sulfides and removal of H.S thereafter, phosphates 
of metals of Groups ША to Group-V (Mg?*) along with some of their hydroxides and basic 
salts are precipitated all together. But if p[H] of the solution is adjusted to 4 to 4.5 using 
acetic acid — acetate (1:1) buffer mixture, phosphates of only Group-IIIA metals, i.e. (Fel. 
А1!!! Сг) along with some of their hydroxides and basic salts are precipitated, keeping the 
metal ions of the following Groups in solution. 

To remove the remaining phosphate from the solution, a suitable metal ion solution, adjusted 
to proper p[H]. such as “neutral FeCl, solution", is added in slight execss and the solution 
is warmed to facilitate the formation and coagulation of Fe! phosphate precipitate. After 
removal of the phosphate precipitate by filtration, the excess Fe?* ion is removed from the 
filtrate by precipitating as Fe(OH),, on treatment wth NH,CI and aqueous ammonia solution. 
Only brown precipitate of Fe(OH), appears at this stage, the metals of Group-IIIB to V (Mg) 
remain in solution, as phosphate has been removed. Separation of Group-ITIB, IV and V metals 
may now be carried out by the usual procedures. 

Note: Calculation of p[H] of precipitation of metal hydroxides (of problem 2.5) using their 
solubility products from Appendix-A4 will reveal that for majority of the metals (other than 
alkali metals) phosphate precipitates are always contaminated with hydroxide precipitates. As 
for example, pH of precipitation of FePO, from 0.01M Fe?* solution in presence of 0.01M 
HPO, is 2.59 (of example 2.22 (ii)), whereas, pH of precipitation of Fe(OH), from 0.01 M 
Fe^* solution is -3. Therefore, if pH of the solution is greater than 3, both phosphate and 
hydroxide will precipitate simultaneously. 


2.3 Complex Equilibria 


(a) Stability of Complexes in Solution: Stability Constants 


The term complex or, coordination complex in inorganic chemistry means ап association 
or assembly of atoms/ions/molecules, in which a metal ion at the center is bonded to a definite 
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number of small molecules or ions such as NH,, СІ", ОН”, CN^, SCN- etc. called ligands. 
forming a new entity of definite geometry in such a manner that the properties of the individual 
components are lost and new properties, characteristic of the assembly are exhibited, 


Examples. (2.23) 
(1) When a colourless solution of ammonium thiocyanate (NH 49CN) ts added to a colourless 
solution of ferric nitrate in dilute nitric acid, an intense blood red colouration is produced 
due to the formation of the complex, Fe(SCN)** ion, 

NH,SCN — МН,“ + SCN- 

Fe?* + SCN- = Fe(SCN)** 
If а drop of starch-potassium iodide solution is added to a solution of ferric chloride in 
dilute hydrochloric acid, an intense blue colouration appears, as Fe** oxidizes [^ ion to 
free iodine molecules (I,), which react with excess iodide to form the complex, triidide 
юп, 1.7, that forms a blue adsorption complex with starch solution. 

2Fe?* + 2I- — 2Fe?* + I, 


Pa =н! гу 


— 
— 


l^ + Starch — Blue colouration, 
On the other hand, if the ferric chloride solution is first treated with an excess of ammonium 
bifluoride (NH 4НЕ.,) solution and then a drop of starch-potassium iodide solution is added, 
blue colouration is not produced, as Fe^* ion reacts with Е- ion to form the complex, 
FeF, ton. As a result of that, Feꝰ ion is rendered unreactive to starch-potassium iodide 
solution, 

NH HF, — NH," + HF, 

Fe" + 3HF; = Fef? + 3H" 
This is an example which shows how the property of a metal ion is changed due to complex 
formation. — * 
If to the blood red coloured solution containing the complex Fe(SCN)** ion (Example - 
1) is added drops of concentrated aqueous solution of ammonium bifluoride, the blood 
red colour is discharged, as F^ ion displaces the SCN- ion from the Fe(SCN)"* complex, 
eventually producing the colourless complex Ее?” ion. 


F(SCN)' + 3HF; = ре + SCN- &3H' 
blood red colour colourless 
This displacement reaction (Example-3) is just a manifestation of HSAB principle. Fe? 
ion is a hard Lewis acid and F- ion is a hard Lewis base, whereas, SCN- ion is a soft or 
borderline Lewis base. Naturally the hard-hard combination, i.e, the Бер! complex is more 
Stable than the hard-soft combination, i.e., the Fe(SCN)?* complex. Knowledge of stability 
 tonstants of complexes are extremely helpful in predicting the directions of such complex 


(3 


м 
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© 
lormation/dissociation/displacement reactions involving а metal ion, forming complexes with 
more than one type of ligands simultaneously. 

Stability of a complex may be expressed in theromodynamic sense as well as in kinetic 
sense. Kinetic stability of a complex is a measure of the slowness with which the complex 
attains equilibrium with its constituents and may be expressed by the rates of such reactions 
of the complex. Kinetically stable complexes are also called inert complexes. Among the 
common metal ions, kinetically inert complexes are formed by the two first row transion metal 
ions, Cr^*(d^) and Co?*(d*). On the other hand, the reactions of the remaining 3d- transition 
series metal ions, eg, Mn?*, Fe?*, Fe, Сог", Ni?*, Cu?*, Zn?*; (4d-series) Ар? and Cd^* 
(5d-series) Hg5* . Hg?*: alkali and alkaline earth (s-block) metal ions, Na*, K*, Mg2*, Ca”, 
Sr^*, Ba** and p-block metal ions, AP*, Sn?*, Pb?*, Bi?* etc. are very rapid and equilibria 
are attained almost instantaneously. Complexes of these rapidly reacting metal ions are called 
labile complexes, Stability of labile complexes are expressed by their thermodynamic stability 
constants, which is the activity quotient of the complex formation equilibria. If a metal ion 
(M™*) reacts with a ligand (HL) to form a complex (ML)'"-/*, according to, 

M"* + HL = (МІ)! + Ht 


then, applying the law of mass action at equilibrium, the activity (a's) quotient or the 

thermodynamic stability constant (К°) of the complex (ML)-'* is defined as, 
m “myn 
dnt fi- 

For complex formation equilibria in dilute solution, for which activity coefficients (fs) are 
close to unity, and so activities (a = c.f) of the specics may Qe replaced by respective 
concentrations, and it is useful for all practical purproses, to define stoichiometric stability 
constants (К), which is the concéhtration quotient of the complex formation equilibrium, 


[(ML)'"""*] 
М" 07] 


Stepwise and overall stability constants 


Complex formation reartions take place in stepwise manner. If a metal ion (M) reacts with 

a ligand (L) in dilute solution, to form a series of mononuclear complexes ML. ML,, ML, 

.. ML, then the stepwise stoichiometric stability constants ( K „n= 1,2, 3...n) of the successive 

— ML, ML,, ... ML, ML, and the overall stability constant (В) of the complex 
ML, may be defi ned according to: 


м+ = ML K, = [ML}({MJ[L}) 

ML + L + ML, К, = [ML,}({MLI{L}) 

ML +E ML, — К, = [ML ML, ү) 

— — ——— —— 
Overall reation > М + пі. = ML, B, = (МІ. ЈУМИ") 
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As the orverall reaction is the summation of all the stepwise reactions, the overall formation 
constant (р) is the product of all the stepwise formation constants; 


By = K * Ky X * K, рх К, 





Example: (2.24) 


For Ар” ammine complex formation, the stepwise and overall stability constants may be 
difined аз, 


First step: Ag? + NH, = Ag(NH,)* 


K „АКИН; | b= 21x10? (25°C) 
[Ag ][NH;] 


Second мер: Ag(NH,)* + NH, = Ag(NH,),” 


[Ag(NH;)3 ] 
[Ag' (NH4)' МН] 





К, = 


= 81 x 10° (25°С) 


The overall reaction: 
Ag' * 2NH, — Ag(NH.),' 


The overall stability constant, P, may be expressed as, 


‚ UMgNH;)]. __TAg(NH3)3]__ _ [Ag(NH3)3] 
[Ag ][NH;] [Ag(NH;)')NH;] [Ag'][NH;] 


^o] = KK, = 2.110) x 81x10 = 1.7x107. 


In the absence of any valency interaction of ionic, covalent a or n-bonding types between 
the successive steps of complex formation, the successive stability constants (К, n = 1, 2, 
w M . N) of a series of mononuclear complexes, ML, ML, ... ML, ... ML, ,. ML,, tend 
to decrease in magnitude due to statistical factors: 


Aj ED. >К. >К. Жү > Ky 

As the metal ion binds the ligands one after another, number of available coordination sites 
around the metal ion are successively reduced, thereby the probability of formation of successive 
complexes are progressively lowered. For a metal ion of coordination number, №, the statistical 
ratio of successive stability constants, К, and К, |, of the mononuelear complexes ML, and 
ML, ,, respectively, formed with a monodentate ligand (L) can be expressed by the relation: 
| K, | (N-n*ln- J) 
| Kai Ма) 

Thus, for the formation of a mononuclear octahedral complex, ML, (where, L is a mono 
dentate ligand). the statistical ratio of successive stepwise stability constants should be: 
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similarly for the association of three molecules of a symmetrical bidentate ligand (LL) 
such as ethylenediamine, to form an octahedral complex, M(LL),, the statistical ratio of the 
successive stepwise stability constants should be : 


, » P 2 
A, i K, : К, 22:32:45 

Similarly, it can also be shown that for the formation of a square planar or a tatrahedral 
complex, M(LL),, with a symmetrical bidentate ligand (LL), the statistical ratio of the successive 
stability constants, K, : K, should be equal to (2/1) : (1/2). 

However, in real complexes, ratios of the successive stability constants differ from their 
statistical values, since the chemical, electrical, stereochemical and steric factors influence the 
magnitude of the stability constants. 

The thermodyanamic stability constant (K?) of the complex is a constant at a particular 
temperature. 115 magnitude does not depend upon the detail composition of the solution or upon 
the presence or absence of other ions in the solution. It is, however, a theoretical constant, 
useful for interpreting the reactions. It is valid only at infinite dilution, i.e at zero ionic strength, 
hence, it is symbolized as K°, Stoichiometric stability constant (АЈ is actually the practical 
constant, which depends, upon temperature as well as upon the detail composition of the 
solution. Knowledge of stoihiometric stability constants are extremely useful in predicting the 
directions of composite chemical reactions, designing preparative and separation procedures 
and testing the quantitativeness of complex formation reactions. Redox properties of metal ions 
are greately influenced when the metal ion forms complexes with a ligand (e.g, reaction of 
Ее?* with I- in presence of F^, c.f example-2.23(2) and Sect. 2.4). 


(b) Effect of Complex Formation on Solubility 


Solubility of sparingly soluble ionic compounds of metals increase dramatically in presence 
of Lewis bases (i.e, ligands) that can form coordinate covalent bonds with the metal cations. 
А common example of this kind of property is the dissolution of solid silver chlorie, AgCl/s), 
in aqueous ammonia. In the detection of chloride radical, when the test solution, acidified with 
nitric acid, is treated with silver nitrate (AgNO,) solution, curdy white precipitate of AgClís) 
appears, which shows AgCI is sparingly soluble in water and in acid. If the precipitated AgCI 
is treated with dilute aqueous ammonia solution, the precipitate passes into solution, forming 
the complex, diamminesilver(I), Ag(NH;);, ion. The precipitate of AgCI reappears if ammonia 
is neutralized by acidification with nitric acid. 

According to Le Chatelier principle, dissolution of AgCI in aqueous ammonia solution is 
the outcome of shifting of the solubility equilibrium, 


AgCl(s) = Ав’ (а) + Cl(aq) "D 
— [Ав ][СГ] = 1.8 х 1079 (25°С) 
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to the right due to tying up of the Ag (ag) ions in the form of the complex, Ag(NH,); ion, 
in stepwise manner according to, 


Ag’ (aq) + NH,faq) = Ag(NH)'(ag tes (it) 
Ку AOT 1.5110! (25°C) 
[Ag" ][NH;] 
Ag(NH;)'(ag) + NH,(ag) = Ag'(NH,) (ag — —— (iii) 
Ку = _1As(NH3)2 1 gtx 10) (25°C) 
[Ag( NH 3)" ][NH.] 


where. K is the solubility product of AgCl/s) and K, and K, are the first and second step 
stability constants of the complex, Ag(NH4),* ion, 
Summing up the reactions (i), (ii) and (iii), we get the net reaction (iv), 
AgClís) + 2NH,(ag) = Ag(NH,),*(aq) + С (ад)... (iv) 


_ [Ag(NH3)3 [СГ] 
[NH;]' 


The overall equilibrium constant, K, of the net reation is the product of the equilibrium 
constants of the three step reactions (i), (1) and (iii). 


K 


o МЕМ [Ag' ]]NH,]  [Ag(NH;)* [МН] 


_ [Ag( NH3)2 [CI] | 7 
= E + S 
[NH;] 
~ Kc К.К; 
= (1810-19). (2.1х102). (8.1103) = 3.06x103 
К >> К, 
Since the magnitude of the equilibrium constant (К) of the overall reaction (iv) is much 


higher than the solubility product (Ky) the solubility equilibrium (i) of AgCI in presence of 
ammonia shifts to the right. 


Solubility of sparingly soluble ionic compounds of metals in general increase due to complex 
formation of the metal ions with suitable ligands in equilibrium with the precipitate. 
Example (2.25) 

Overall stability constant of the complex ion, Ag(NH,),* is 1.7*107 and solubility product 
of AgC! is 1.81077? at 25°C. What is the molar solubility of AgCI in (i) pure water and in 
(ii) 3 (MJNH, at this temperature? 
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(i) Molar solubility of AgCI in pure water is the equilibrium concentration of Ag* ion in a 
saturated solution of AgCI, Solubility equilibrium of AgClís) is, 


AgCl(s) = Ag'(aqg) + Cl(aq) 
^. [Ag] = [СГ]. 
^. Solubility product of AgCl/s) is, 
К, р = (АЕ СГ] = [Ag' = 1.8107 
^ [Ag] = igxi = 1.341075 (м) 
(п) Dissolution of AgCl/s) in aqueous NH, takes place according to the following steps: 
AgCl(s) = Ag'(aq) + CF (aq) 
Ag'(ag) + INH, (ад) = Ag(NH;)," (aq) 
Overall reation: AgClís) + 2NH,(aq) = Ag(NH,), (aq) + Сад) 
Equilibrium constant (K) of the overall reaction is, 
g _ [Ag МН СГ] 
[NH;]' 
^. Solubility product of AgCl/s), К = [Ag"][(CI] 
Ksp 
[Ag"] 
Overall stability constant £ of Ag(NH,),° is, 
_ [Ag(NH3)3] 
[Ав NH] 
г. [Ag(NH,)S*] = [Ag "INH;J' 
Substituting for [C17] and [Ag(NH,),'] in the expression for K, one obtains. 
y _ ВМА IINHST Ко. 
(МНР [А] 
2 K = ВК, = 1.7х107х1.8<1070 = 3.06 x 1073 
If x be the number of moles.lit' of AgCl(s) dissolves in 3(M) aqueous NH,, then at 
equilibrium, saturated solution of AgCI in aqueous NH, contains x mollit of Ag(NH,)5, 
x mol lir! of С” and (3 — 2x) mol.lit of NH,, assuming Ag(NH;)," is the only silver containing 
species in the ammoniacal solution, i.e. all the Ag'(ag) produced in the solubility equilibrium 
are transformed into the complex Ag(NH,),* ion, in presence of such a large excess of NH. 
Therefore, 





^ ACL j= 


By 


Френе... "РЧ 





[Ag(NH3)5 ][CT ] _ (xXx) 


: ~= 306x107 
[NHi] (3 — 2x)* 


К = 


" x = 0.15 mollir! 


Thus, molar solubility of AgCl/s) increases from 1.341075 той”! in pure water to 0.15 
mol.lit! in 3 mol.lit! of aqueous NH, solution. 
Silver bromide AgBr (K,, = 25 41019 at 25°C) and silver iodide, Agl 
(A, 8.5 x 10-7 at 25°С) are much less soluble than silver chloride. Following similar 
procedure, solubilities of AgBr and Agl in water and in 3/M) aqueous ammonia may be 
calculated and compared with those of AgCl; 


AgCl AgBr Agl 
Solubility product К,, (25°C) 1.810710 5.4х10-!3 8.510!" 
Solubility in water (mol lit"! ) 1.34x1077 735x107 922x107? 
Solubility in 3M) NH, (mollit!) 0.15 9.04x107 1.051071 
Since the overall stability constant (B,) of the complex Ag(NH.)," ion is quite large, 
h = [А ОМН,);] = 17х10” (at 25°C) 
[Ав  J|NH;] 


whatever small amount of Ag’ ion is produced by the solubility equilibrium, it is transformed 
into this complex, of which the concentration is directly proportional to the square of the 
concentration of ammonia. 

Although solubility of all the silver halides (AgCl, AgBr, Agl) are increased in presence 
of 3(M) ад NH, solution, only the solubility of AgCl/s) is considerable, and on acidification 
with HNO, the ресе of AgCI reappears. For dissolution of AgBr to a detectable extent, 
much higher concentration of ammonia is required. In qualitative inorganic analysis for the 
detection of CI, Br and I~ by AgNO, test, it is found that the precipitate of AgCI dissolves 
even in dilute aqueous - NH, or in ammonium carbonate solution, AgBr dissolves in 
concentrated (liquor) NH,, whereas, Agl remains undissolved even in concentrated NH,, (cf. 
Sect. 5.11-5.13). 


Problems (2.8) 

(1) What happens when KBr solution is added to a dilute ammoniacal solution of AgCI? Give 
equations. 

(2) What happens when KI solution is added to a concentrated ammoniacal solutions of 
(1) AgCl, and (ii) AgBr? Give equiations. 
Another well known example of the influence of complex formation on precipitation is 

the detection of Cd?* in presence of Cu?* by precipitation of sulfide in the systematic group 


separation of Group-I]A metal sulfides (cf. Sect. 7.8). 
When a mixture of Group - ПА metal sulfides (HgS, PbS, Bi,S,, Cus and CdS is treated 





with hot dilute HNO,, mercuric sulfide (HgS) remains undissolved, the remaming sulfides 
dissolve in HNO, with precipitation of sulfur due to oxidation of $2 by NO, according to, 
3MS + 8HNO, — 3M(NO,), + 354 + 2NOT + 4H,O 


(M = Cu, Cd, Ph) 
Bi,S,; + 8HNO,  2Bi(NO,), + 3S4 + 2NOT + 4H,0 
The resulting solution after separation of sulfur by fittration, contains Pb?*, Cu?*, Cd^* 
and Ві?” (or, BiO*) in the form of their nitrate salts. When this solution is rendered strongly 
ammoniacal, Pb** and Bi?* precipitate as their hydroxides or hydrous oxides, Pb(OH), and 
Bi(OH), (or BiO(OH)) respectively, whereas, Cu^* and Cd** remain in ammoniacal solution 
as their ammine complexes, Cu( NH 1* (deep blue) and Cd(NH 334" (colourless). Blue 


colouration of this ammoniacal solution indicates the presence of Cu^'. In absence of Си?*, 
the ammoniacal solution is colourless. If Cd^* is present, yellow precipitate of CdS appears 
on treatment of this solution with H5S-water. But if the solution is blue, i.e, if Си?" is present, 
addition of H,S-water produces а black precipitate, due CuS. If Cd?" is also present, yellow 
precipitate of CdS is formed, but its yellow colour is masked by the black colour of CuS. 
That is, in presence of Cu?*, it is difficult to detect Cd?* by sulfide precipitation. 
However, the problem may be overcome by several ways. The most convenient and easiest 
way is to carry out selective precipitation by controlling S% ion concentration through 
adjustment of H* jon concentration of the solution or by capillary separation technique (cf. 
p-57). Another, very interesting method of detection of Cd?* in presence of Cu** is based on 
the application of complex formation of these metals ions with cyanide (CN ) ion in ammoniacal 
medium, followied by treatment with H,S - water, when only the yellow precipitate of CdS 
appears, whereas, copper is rendered unreactive to S% ion due the formation of very stable 


суапо сотр!ех, [Cu (CN R) ion. 

When the deep blue ammoniacal solution, containing the complexes Cu( NH S and 
Cd(NH4)j* ions, is treated with an excess of potassium cyanide (KCN) solution 
(CAUTION.POISON). the blue colour of the test solution is discharged as C ul! in the ammine 
complex, Cu(NH4);* ion, is reduced to Си! which is complexed as С» (СМ) ion by the 
CN- ions. The Cd'-cyano complex, Cd(CN)j- is also formed replacting the NH, ligands from 
the Cd(NH,)j° complex by the CN ions: 

2Cu(NH,)3” + I0CN^ — 2Cu'(CN)} + 8NH, + (СМ), T. 
^. [Cu?*] = S[CN7] 

Cd(NH4J4* +4CN7 = Cd(CN)j + 4NH; 
^, [Cd?*] = 4[CN] 
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Since CX ion is a soft Lewis base ligand, it form more stable complex with the soft Lewis 
acid, Cu*, than with the borderline Lewis acids, Cu** and Cd?*. 
The overall stability constants (P) of the tetracyano complexes, Cu(CN); and Cd(CN Hu" 
ions may be defined as, 
Си? + 4СМ№ = ССМ 
_ [Cu(C МТ] 


UU ^40 
Be, = Cu ICN -2xl0 (at 25 C) 


Cd?* + 4CN- = Са(СМ);- 


" [Cd(CN)1 | 


p z2129x10 (at 25°С) 
[Cd^* [CN] 


Ma 


As the overall stability constants (B) are inversely related to the equilibrium concentrations 
of the free metal ions (Cu* and Cd?*), the higher is the value of B, the lower is the concentration 
of the free metal ion available to react with other reagents, such as S^- ion, when H,S - water 
is added. 

In presence of a large excess of CN- ion, assuming that, the Cu(CN); and Cd(CN);- 
ions are the only complexed forms of these two metal ions and the free metal ions exist only 
as Си“ and Cd?* respectively, the mass balance equations for the two metal ions, neglecting 
the concentrations of the ammine complexes for simplicity, become, 


Tc, = [Cu*] + [ССГ 
Toy = [C£] + [C4(CN7] 


where, T... and Тү. are the total concentrations of Cu^* and Cd?* respectively in the solution. 
Equilibrium concentrations of the complexed metal ions are, given by : 


[Cu(CN)4" ] = Bey{Cu* CN] 
[Cd(CN)3"] = fc4[Cd^* [CN ]" 


Substituting for these terms in the mass balance equations for the two metal ions, it will 
be seen that the equilibrium concentrations of the free Cu* and Cd?* ions are inversely related 
to the fourth power of cyanide ion concentration: 


[Cu] = — d — 
|+ Beul CNTT? 


[ca?*] = — d —; 
| + Beal CNT’ 





Since СМ ion is the conjugate base of a weak acid (HCN), it is a strong base and it has 


à profound affinity to bind à proton (H*) to form the unionzied HCN molecules according 
10. 


CN- + Н? = НСМ Kw = 4.9 x 10-19 (at 25°С). 


Therefore, the concentration of CN- ion in the solution will be governed by p[H] of the 
test solution. Since the test solution containing the complexes, Cu(NH,);* and Cd(NH,)}* 
and also Cu(CN);" and Cd(CN jg ous is strongly ammoniacal, the p[H] of the solution is 


fairly high. For example, if the concentration of NH, in the test solution is modestly 1/M), 
then the p[H] of the solution will be, 


| | | 
PH] = 5 pK, + 5 Км + 5 log[ NH; ] 


= 1 (14) + + (926) * + lon LO} 


= 7 + 4.63 = 11.63 
At such a high p[H]. (11.63), major amount of the cyanide ligand wall exist in the form 
of CN* ion and only a very small fraction of it will exist in the form of unionized HCN molecules 
(pKiten 9.31). 
If Toy be the total concentration of KCN (completely ionized salt) in the solution, then 
the mass balance equation of cyanide will be, 


Тек = [HCN] + [CN] + 4T,, + 4T Gq 
HCN ionizes as a weak acid according to, 
HCN = H* + CN” 


н. _ [H' CN] 
KHCN = [HCN] 


. үнсх] = ЇНЇ jen) 
KHON 


. Ton = ec. | A(Tcy + Tcu) 
KHON 


[Cy f= ott саг -Micy + Тс) 
$. p* 
fread 





Using this equation, and knowing КИ .,, one may calculate the equilibrium concentration 
of CN- ion in the solution containing known amount (Tey) of KCN and known amounts (Тү, 
Tea) of the metal ions (i.e, Cu*, Cd** respectively) provided Tey >> (Teu + Тү). 

For a typical analysis, in which the test solution 15 -107^/M) in the metal ions and 0.5 (А0) 
in KCN, and it is strongly ammoniacal suppose, [NH,] = 1 (M), the equilibrium concentration 


of СМ” ion may be calculated using the above relation as follows: 
Ten = 0.5 (М), Te, = 0.01 (М), Tea н 0.01M) 
p[H] of 1/M) NH, solution = 11.63 (calculated before). 


н?) F | 
КН Inverse log (PKiics — РЇН]) = Inverse log (9.31 — 11.63) = 4.79 x 10° 
HCN 





we ec 
. 1 +1) at p[H] 11.63 is = (4,79х107 +1) = 1.0048 
HCN 


05 — 4(0.01 + 0.01) 


ЙЕ Fas 10048 


(М) т 0.418 M 


More over, one equivalent of CN- ion is consumed in reducing Cu?* to Cu*. Therefore, 
the actual equilibrium concentration of free СМ ion will be equal to (0.418 — 0.01) = 0.408M 
= 041 (М) 

Therefore, the equilibriunm concentrations of free Cu* and free Cd^* ions under this 
[CN^] ion concentration will be : 


[Си] = TEE wt = "1 ——; = 177 x 10?! (M) 
1+ Ве [СМ — 1 (2x10) x (041) 


[Cd^*] = о — 3991 — = 274 x 19 (M) 
|+ Be [CN]! — 1 (129 x 107) 


Therefore, (Си?) << [Cd?*]. 
Let us now examine, what happens when this ammoniacal mixture of Cu(CN), and 


Cd(CN E ions, is treated with H,S-water. Saturated solution of H,S at 25°C and | atm. pressure 
is -0.1(M) in H,S. In aqueous solution H,S ionizes as a weak diprotic acid according to, 
HS = Н? + HS" Кн = 1.3 х 107 (at 25°C) 
HS- = Н? + S Kg 7.1 х 10715 (at 25°C) 


“Since the p[H] of the ammoniacal test solution will be >11.5, Н,5 in this solution will 





he completely converted to HS ion, which at this p[H] will only partially deprotonate to produce 
the sulfide (S^) ion. Since the total concentration of [H4S] = 0.1/M) in its saturated solution, 
therefore, at p[H] = 11.5, the mass balance equation for H5S will be, 


[HS-] + [S?-] = 0.1/M) 


Since the p[H] of the ammoniacal solution (NH4] = 1/M)) is 11.63) therefore, the ratio 
of [S*-V[HS ] in this solution may be calculated applying Handerson-Hasselbalch equation 
using the second ionisation constant ( Kus) of H,S, 


Sali 
РІН] = pKa + log Aid 


^" 


<2- 
11.63 = 14,15 + "om 


[HS ] 
(where, рК = — log Kye = -log(7.1 x10755) = 14.15), which gives, 
C 28 
IS" 1.0903 
[HS ] 
E eed 
Um Br 0.003 


From the mass balance equation of H,S at this p[H], we get, 
[HS7] + [S] = 0.1 (M) 


. [S^] 2-1 = 0 
— + [S^] = 0.1 (М) 


which gives, (52-] = 3 x 104/M). 
Solubility products of Cu4S and CdS are given by, 
(Ke deuss = [Cut PS>] = 2.5 x 10755 (at 25° C) 
(Kj)cas = [Cd?*][S"] = 7.9 x 107°? (at 25° C) 
Now, substituting the values of [Cu*], [Cd?*] and [S7] calculated above, one obtains, 
for (Cut? x [S] = (1.77 х 10?!y х (3 х 107) 
= 9.4 х 10 < (К — — 
for [Cd?*] х [S>] = (2.74 х 1075) х (3 х 107 
= 822 х 10?? > (Ky у; 
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Since the product, [Cd^*] х [S^]. exceeds the solubility product of CdS, yellow precipitate 
of CdS appears on addition of H,S - water to the test solution. On the other hand, the product 
[Cu*? х [S?-] is much smaller than the solubility ү of Cu,S, so copper remains in solution 


as its tatracyano complex, [Cu(CN y ©] and Си,5 is not precipitated when H,S is added to 


this test solution 
(с) Masking and Demasking Reactions 


(i) Masking reactions 


The term masking is often used by chemists to identify complex formation reactions in 
which metal complexes of such high stabilities are formed that the metal ions are rendered 
unreactive towards other reagents, 


Examples (2.26) 
In the previous section we have come across the following reactions: 


(1) When a mixture of ammine complexes of Cu" and Cd" ie. [Cu(NH;);*] and 


[Cd( NH );* ] ions in Group - ПА analysis is treated with H,S ~ water, both CuS (black) 


and CdS (yellow) are simultaneously precipitated. But only the black colour of CuS is 
visible, the yellow colour of CdS can not be visualized in presence of black CuS. But 
if the mixture of the two ammine complexes is first treated with an excess of KCN solution 
(CAUTION: POISON) and then H,S - water is added, only yellow CdS is Pis pac 
Copper remains in solution in the form of its tetracyano complex, [Cu! (CN); 7]. which 
is so highly stable (log D, = 30.3) that. copper is rendered unreactive to H,S. Although 
Са?" also forms the tetracyano complex, [Cd( CN va ion, but its stability (log B, = 17.11) 
is not as high as to render Cd^* unreactive to H,S. Although this method of detection 
of Са?” in presence of Cu?* is not encouraged and has been practically abandoned due 
to poisonous nature of KCN, nevertheless, this offers a good example of masking reaction. 

(2) When an acid solution of Ре? is treated with NH SCN solution, a blood red colour is 
produced due to the formation of the complex, Fe(SCN)^* ion. But in presence of a large 
excess of fluoride ion (NH HF, or NH,F), the blood red coloured Fe(SCN)** complex 
сап not be formed, as Fe** is masked by forming more stable complexes with fluoride 
ion (log K[Fe(SCN)?*] = 3.03, log K[FeF?*] = 6.04) 

(3) When an aqueous solution of KI is added to a weakly acidic solution containing Fe^* 
ion, a deep brown colour appears as Ре?“ ion oxidizes iodide ion (17) to liberate L molecules, 
since [E°(Fe**/Fe**) = +0.77V] > (E°(1,/21-) = +0.54V]. But if a few crystals of NH, HF, 
is added to the solution of Fe?* salt and then KI solution is added, iodine is not liberated 
and the solution remain colourless. This is because, Fe?^* ion is rendered unreactive to 
| due to the formation of fluoro complexes, (e.g. Fer ion), as a result of which its 
formal potential (cf Sect. 2.4) is decreased significantly. 


© 





(ii) Demasking reaction 


Demasking reactions are those reactions through which the metal ions are released from 
the otherwise unreactive metal-ligand complexes. 


Examples (2.27) 
(1) A metal ion can be released from its cyano complex on treatment with formalin in dilute 
acidic solution: e.g, Cd?* ion may be released from [Cd(CN); ] complex by this method, 
[Cd(CN)] ] + 4H* + 4HCHO — Cd?* + 4HOCH,CN. 
(2) Fe?* ion may be released from its fluoro complexes by boiling the solution with boric 
and (H,BO.;), when fluoride is removed as volatile ВР... 
[FeF;^] + 2H,BO, bell, Fet + 2BF,T + 3H,0 
(4) Both Ti(IV) and V (V) salts (rare elements) in dilute H,SO, medium react with H,O, 
to form coloured peroxo complexs. 
H,[Ti(O, SO,),] - peroxodisulfatotitanic acid - Yellow colour 
H.[V(04)0,] - orthoperoxovanadic acid — - Wine red colour. 


On addition of a few cryslals of NH,HF,, the yellow colour of the ТТУ) complex is 


discharged due to the formation hexafluoro complex of titanium, (Tif; ] ion. But when this 
colourless solution is gently warned with small amount of H,BO,, the yellow colour of the 
peroxo complex is restored, since fluoride ion is removed as volatile BF.. 

Oxovanadium (V) however does not form stable fluoro complexes. So the wine red colour 
of peroxo complex of V(V) is not discharged in presence of NH,HF,. This of course also 
offers a means of detection of vanadium by this test even in presence of much titanium, by 
masking the latter as its fluoro complex. 

Stability constants of the complexes play key roles in masking-demasking reactions. In the 
reaction of a metal ion (M) with a reagent (A) in presence of a masking agent (B), the metal 
ion is subjected to form complexes with two different ligands (A and B) simultaneously: 

M+A = MA 


_ [MA] 
МА [MIA] 


Ma [MA] = Kya -[MI[A] 


K 


М +В >= MB 
[МВ] 
Кмв = ТМВ] 


^. [MB] = Ky. [M][B] 


Е | 





CENTRAL LIBRARY 


The relative proportion of the two complexes [MA] and [MB] depends upon the relative 
stabilities of these two complexes and also on the concentrations of the ligands A and B. 
[MA] _ Kma- [M][A] _ Kma [А] 
[MB] ^ Кмв|М[В] — Kyn [B] 
Concentration of the complex with the masking agent В is given by 


MR [B] 
[MB] = [MA]. un ет 


Examples (2.28) 


(1) Consider the two Fe"! complexes Fe(SCN)* and FeF?*: 
log Kee = 6.04 * Кок = 10544 
log Krasen = 3.03 ^ Kgagcuy 1030 


(charges are omitted for simplility) 


[FeF] = [Fe(SCN)] х Е 


1054 [F^ 
= [Fe(SCN)] x —— — 
[Fasen = s х T 


А [Е] ,4310 

ROC aer 
If the concentrations of the masking agent , F^ ion, and the reagent, SCN- ion, are same, 
ie, [F] = [SCN ], then, 

[FeF] = [Fe(SCN) х 109! = [Fe(SCN)] х 1000. 
As the Ре! complex with the masking ligand (F-) is ~1000 times more stable than the 
Ее!!! complex with the reagent ligand (ЅСМ ), concentration of the complex 





Wi accion f. ba monde ain: diim MOS 4 МЫСА И АШ 
somis am seme La. (-1) Ja унй АШ je gt Е А ЕИ 
EMEN, - 








ыиы М?Р ; 
^ [N(CN4 ] = Kiwien p [NHJCN]" 
Ni? + EDTA* = [Ni(EDTA)"-] 


| _ [Ni(EDTA JJ 
KiNuEDTA B [Ni] EDTA | 


[NI(EDTA)] = K iniepray PNT[EDTA ]. 
(Charges are omitted from the mathematical expressions for simplicity.) 


. IN4CN)] _ Kiicwy] [См] 
[NI(EDTA )] Куми EDTA)| [EDTA] 





me | a NNICN4]. [СМ] 
*. [Ni(CN)4] = [NKEDTA)], C4). [CN 
| KiNi(EDTA)] [EDTA] 


At 25°C, log Күнсыы = 313 


log KiNuEDTA I] = 186 





эд. "m 10213 [См] 
> [NI(CN)4] = [Ni(EDTA)] 10186“ [EDTA] 


[CN] 


“е iat 
= [NI EDTA )] х 10 [EDTA] 


If (CN-] = [EDTA] = 0.1 (M) 


4 
[Ni(CN),] = [Ni(EDTA)) х 10727 x L 
= [Ni(EDTA)] х 10?? 
If [СМ] = 0.01 (M), [EDTA] = 0.1 (M) 


t (001) 


= [Ni(EDTA)] х 1057 


It is evident from this discussion, that, СМ” ion forms complex of such high stability with 
Ni"! that even in presence of 10 fold excess of the EDTA* ligand, the concentration of the 


[МСМ] complex is almost 10° times the concentration of [Ni(EDTA)™] complex. Thus, 
CN- ion renders Ni" almost unreactive to EDTA* ligand, ie, Ni" is masked by CN- ion. 


EDTA* is the fully deprotonated anion of ethylenediamitetetraceticacid (H,EDTA), which is a 
hexadentate ligand, (HOOCCH,)N.CH,CH, N(CH,COOH), 
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(d) Amphoterism 

The term, amphioterism, comes from the Greek word "amphoteros" meaning “in both 
ways, Oxides and hydroxides of elements of intermediate electronegativites, have intermediate 
tonie and covalent characters іп their bondings, and show both acidic and basic properties. 
As for example, Al,O,, ZnO, PbO, SnO, etc. react with strong acids to form salts, with the 
metal ions as cations. and react with strong bases to form salts, in which these metals are 
present as salt anions. 
Example (2.29) 

(1) Amphoterism of AIO, 

Basic reaction: Al,O,(s) + 6HCI (s) — 2AP*(aq) + 6С! (ад) + 3H,0(l) 

Acidic reaction : ALO.(s) + 2NaOH(aq) + 3H4,0(7) — 2Na'/(aq) + АКОН) „од 

(2) Amphoterism of ZnO 

Basic reaction: ZnO(s) + 2НМ№О, (ад) — Zn™ (ад) + 2NO.' (ag) + H,O(l) 

Acidic reaction: ZnO(s) + 2NaOH(ag) + H,O) — 2М№а* (aq) + [Zn(OH); (аф) 


Acid-base character and ionic-covalent character of oxides depend upon the position of 
the oxide forming element in the perodic table and its oxidation number. Basic characters of 
oxides descrease and their acidic characters and covalent characters increase across the periodic 
table form the active metals on the left to the electronegative non-metals on the right. In the 
third period of the periodic table this variation is clearly demonstrated. 


Periodic Groups 


13 15 16 17 


Ма„О | AlO, iO, Р.О, SO, со, 
€- basic — amphoteric © acidic > 





Basic character and ionic character of oxides increase downward from the more electrone- 
gative elements at the top of a periodic group to the less electronegative ones at the bottom. 
As for example in Group-15, N is at the top, Nitrogen oxides, N,O., NO, are strontly acidic, 
followed by phosphorons oxides, Р.О, „апа P,O, which are weakly acidic, arsenic and antimony 
oxides, As,O; and Sb,O, are amphoteric, whereas, bismuth oxide, Bi,O, is basic. Thus, looking 
at the periodic table as a whole, we see the most acidic oxides occur at the upper right, the 
most basic oxides at the lower left and the amphoteric oxides in a roughly diagonal band 
stretching across the middle. 

The hydroxides of the elements, forming amphoteric oxides, also show amphoteric 
behaviour. As for example, АКОН), and Zn(OH), show amphoterism. 


Basic reactions: AKOH),(s) + 3HClíag) — > Аад) + 3Cl(ag) + ЗН,О() 
Zn(OH),(s) + 2HNO,(aq)  — Zn^'(ag) + 2NO, (aq) + 29,00) 


А - 
й 
D * 
Eg 





Acidic reactions: АКОН). 3(5) + NaO ag) -» Na (ag) + [AKOH) ад) 
Zn(OH),(s) + 2NaOH(ag) -> 2Na*(aq) + [Zn OHY]- | ag) 
Dissolution of amphoteric oxides in alkali may be regarded as an example of the influence 
of complex formation on solubility. Since the dissolution of a hydroxide in alkali, involves 


complex formation with OH- ion, solubility of the amphoteric hydroxides increase with rise 


of pH. Solubility of aluminium hydroxide at different pH (Fig. 2.2) тау be calculated from 
its solutbility equilibrium, 


АКОН), 8) = А? (ag) + 30OH"(aq) 
К, = [AP* [OH = 1 x 102? (at 25°C) ....(i) 


The overall complex formation equilibrium of AP* with OH- ions in dilute solution may 
be represented as, 


AP*(ag) + 40H-(aq) = АКОН) | (aq) 


__ ТАКОН] — $ 
47 [AP* YOH- 73x 10% (at 25°C) .... (ii) 
Solubility of АКОН), at low p[H] (i.e, in weakly acidic solution) is equal to the equilibrium 
concentration of AP*/ag) ion, as given by the solubility equilibrium (1): 


K Ki K, [H*T' 


[DH P (к, нер (К 


(1074 y? 
On simplification and taking logarithm опе may obtain, 


E 1o? н“ P 


p|H] = 333- 1 log[AP*] — .. (iii) 


On the other hand, solubility of АКОН), at high p[H] (i.e. in weakly alkaline solution) 
is equal to the equilibrium concentration of the complex [АКОН) (од) ion, as given by the 
complex formation equilibrium (ii) as well as the solubility equilibrium (1): 


АКОН). [AICOH); | _ [AKOH); IH] 


А” [А ДОН] [АГ OH" ] x (Ky /[н']) Kay Ky 
c МКК | 3x10? x10 x tO 3x 107" 
. ТАКОН | ———— = — — — — 
агар NA (н?) [H*] 
On simplification and taking logarithm, one may obtain, 
p[H] = 12.52  log[AKOH), ] .... (iv) 





РІН] of the solutions containing spicified concentrations of Al?* (ag) and [ AKOH), Jiag) 
ions may now be calculated using the relations (iii) and (iv), which respectively, represent the 
solubility of АКОН), in weakly acidic and weakly akaline solutions. 


AP* (aq) p[H] (АКОН), ](ag) РІН] 
(mol lit"! ) (Едт. (iii)] (тог!) |Eqn. (iv)] 
1.00 3.33 0.01 10.52 
0.75 3.37 0.05 11.22 
0.50 3.43 0.10 11.52 
0.25 3.53 0.25 11.92 
0.10 3.66 0.50 12.2 
0.05 3.76 0.75 12.40 
0.0! 4.00 1.00 12.52 


Using the above data, one may construct the solubility - p[H] curve (Fig 2.2) of AKOH), 


ANOH),(s) 


Solubility of AI(OH) (той) 





Fig. 2.2. Solubility of АКОН), as a function of p[H] 


2,4 Oxidation-Reduction Reactions and Redox Equilibria 


(a) Definitions 


In qualitative inorganic analysis we come across several reactions which may be collectively 
classified as oxidation-reduction reactions. Oxidation-reduction reactions occur concurrently, 
ie, when one substance is oxidized, another substance is reduced. 
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Examples (2.30) 


(1) Reaction of Cl,-water with KBr and KI solutions in which bromide (Br) and iodide 
(V) ions are oxidized to their elemental forms, which dissolve in organic solvents 
(CHCI,, ССІ) to produce charactaristically coloured organic layers: 


AKBr * Cl, — Br, + 2KCI 
КІ + СІ, + 1, + 2KCI 
In these reactions Cl, is reduced to СЇ” ions. 


Dissolution of black MnO, in HCI to produce MnC |, with evolution of greenish yellow 
Cl, gas. 


— 
nm 
— 


MnO, + 4HCI — MnCl, + СІ,7 + 2H,O 


A similar reaction takes place in the preliminary test for chloride when a sample containing 
a ionic chloride salt is heated with hot concentrated H,SO, in ргеѕѕепсе of MnO,. 
Conc.H,SO, displaces НСІ from the chloride salt, HCI is then oxidized to Cl, by MnO,, 
according to the above reaction. In these reactions HCI is oxidized to Cl, and MnO, is 
reduced to MnCl, 

Fusion test for Mn and Cr salts is another well known example of oxidation - reduction 
reaction. In this test, the samples containing Mn and Cr salts are strongly heated to fusion 
with a (1:1) mixture of anhydrous Na,CO, and K,CO, (fusion mixture) containing some 
KNO,. In the fused melt, KNO, oxidizes chromium compounds to yellow coloured 


(3 


— 


chromate (CrO1") ion, manganese compounds to green coloured manganate (мо \ 
ion and itself is reduced to nitrite. 
MnO, + Na,CO, + KNO, + Na,MnO, + KNO, + CO,7 


(black) (green) 
Cr,O, + 2Na,CO, + 2KNO, -» 2Na,CrO, + 3KNO, + 2C0,7 
(green) (vellow) 


According to historical definition, oxidation refers to addition of oxygen to an element 
to form an oxide, e.g, (i) rusting of iron, 
4Fe(s) + 30,(g) — 2Fe;04(s) 
(ii) burning of coal to produce carbon dioxide and heat energy, 
Cis) + O,(g) — CO,/g) + Heat Energy 
Reduction is referred to the reactions involving removal or loss of oxygen from the oxide 
of an element to yield the element itself, e.g, carbon reduction of iron ore (hematite, Fe;O;) 
in the extraction of iron, | 
2Fe,0,(s) + 3C(s) > 4Fe(s) + 3CO,(g) 
In the burning of H, gas in oxygen to produce vapours of H,O molecules, hydrogen is 
oxidized and oxygen is reduced, 
2H,(g) + O(g)  2H,0íg) 
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On the other hand, electrolysis of acidified liquid water sets free hydrogen and oxygen 
in their elemental states, 


29,000) — 2H) + О) 


These reactions give clues to another definition of oxidation-reduction reaction, in terms 
of hydrogen, instead of oxygen. According to this definition, loss of hydrogen from а compound 
IS oxidation and addition of hydrogen to an clement or a compound is reduction. Thus, 
production of NH, from the reaction between N, gas and H, gas (Haber * process) is reduction 
of nitrogen by hydrogen, 

М) + 3H.(g) = NH, (g) 

Formation of HCI from the reaction between Cl, gas and H, gas is reduction of chlorine 

by hydrogen, à 
Chig + Н,е) — 2HCI/g) 


Since oxidation and reduction reactions occur concerrently, in all these reactions, in which 
clemental hydrogen ts transformed into hydrogen containing compounds through its reactions 
with these non metallic elements, hydrogen is oxidized. To accomodate all these types of 
reactions, the definitions of oxidation-reduction reactions have been subsequently broadened. 
According this broad definition, the term oxidation refers to those reactions which involve 
addition of oxygen or any electronegative (non-metallic) element to an element or a compound, 
or. loss of hydrogen or any electropositive or a metallic element from a compound. Similarly 
the term reduction refers to the reactions in which hydrogen or a metallic element is added 
to an element or à compound, or, oxygen or an electronegative element is lost from a compound. 

In modern chemistry language, the terms oxidation and reduction have much wider 
meanings. Oxidation is defined as reactions involving loss of one or more electrons from an 
atom, molecule or ion and reduction is defined as reactions involving gain of one or more 
electrons by an atom, molecule or ion. That is, oxidation-reduction reactions involve transfer 
of one or more electrons from one substance to another. The oxidation-reduction reactions, 
hereafter, redox-reactions, for an element E may be visualized as follows: 


Oxidation of E — 
Б» Е +e 
E* > E** + ¢ 
Е2- ә Е- +e 
E- Е + е 
& Reduction of E 
where, E, E*, Е2*, E> and E?- stand for the zero, +1, +2, -1 and —2 oxidation states of 
the element E. Zero oxidation state of an element means its elemental state. Positive oxidation 


states of an element mean its valence states after loss of one or more electrons from its elemental 
state. Similarly negative oxidation states of an element mean its valence states after gain of 





one or more electrons to its elemental state, Oxidation states of an element are often referred 
to as oxidation numbers, indicating the number of electrons lost or gained by an atom of an 
element to attain a particular oxidation state. Thus, F, E*, Е?*, E- E2- represent the 0. +1, 
*2, -| and ~2 oxidation numbers of an atom of the element E. Positive and negative oxidation 
numbers of an element do not imply cationic or anionic charges. These numbers simply indicate 
whether an atom of an element is electron rich or electron poor. A positive oxidation number 
indicates the atom of the element has undergone oxidation through lose of one or more electrons. 
In à redox reaction it will tend to be reduced by gaining one or more electrons. In a negative 
oxiation number, the atoms of the element are electron rich due to gain of one of more electrons 
through a reduction reaction. In a redox reaction it will tend to be oxidized by losing one 
or more electrons. That is, in a redox reaction, oxidation members of the reacting atoms or 
those of certain atoms in the reacting molecules and ions, undergo change. Since oxidation- 
reduction reactions are complementary, so if the oxidation number of one atom of an element 
is increased, oxidation number of an atom of another element must decrease in such a manner 
that the net increase in oxidation number of the atoms undergoing oxidation reaction 15 equal 
to the net decrease of oxidation number of the atoms undergoing reduction. Thus, it is possible 
to identify à reaction as à redox reaction from the changes of oxidation numbers of centain 
atoms in the reactant molecules and ions. 

It is, therefore, essential to assign oxidation numbers to the atoms constituting the reactant 
and product molecules/ions in a reaction, for identifying it as a redox reaction. 

The following General rules are applicable in assigning oxidation numbers to atoms in 
molecules and ions: 

|. Oxidation number of a free or uncombined atom, (i.e, in its elemental state) is zero(U), 
which may be represented by writing zero(^) at the right superscript after the symbol of the 
atom or molecule of the element. As for example: 


Atoms: Na* H’ 5° Gr N° Ba* Ne? 
Molecules: H,“ CL? O0, N,° р, 8 0,“ 
2. Oxidation number of a monoatomic ion is equal to its charge : As for example, 

Monoatomic ions: Na* М2? AP* №- o` cr 
Oxidation number: +] +2 +3 -3 -2 -| 


3. Metallic elements and hydrogen have usually positive oxidation numbers, and non 
metallic elements usually have negative oxidation numbers in combination. | 
In assigning the oxidation number to non-metallic elements the following priority rules are 


followed: | 
(i) Oxidation number (O.N.) of hydrogen in combination with non-metallic elements 15 (+1) 


and with metallic elements it is (-1). As for example: 
Compound: HCI NH, NaH CaH, 
ON. of H: +| +1 -l -| 
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(1i) Except in peroxo and superoxo compounds, oxidation number of oxygen in combination 
is always (-2). Oxidation number of oxygen can be positive in F-O compounds, 


Compound: H-O HO-OH HO, NaOH CaO CO, OF,  O,F, 
О.М. of oxvgen: -2 -h-1 -12 -2 -2 -2 +2 +l 


(т) Oxidation number of fluorine in all its compounds is (-1). Oxidation numbers of other 
halogens (СІ, Br, and 1) in combination are usually (—1), except their compounds with more 
electronegative oxygen and fluorine i.e, in oxyhalides and in interhalogen compounds with F 
or with a more electronegative halogen. 

О.М. of halogens: (-1) (+1) (+1) (+7) (*3€-1) (930-1) (*5) 

4. Oxidation number of an atom in a polyatomic ion or a molecule is the same as its oxidation 
number in à monoatomic ion. As for example, oxiadation number of H is (*1) and of O is 
(-2) in different molecules/ions: 


Molecule/Ion НО |. OH NH, 5057 NO, NO, НОСІ 
O.N. of H: +1 + +1 is * * +1 
O.N. of О: -2 -2 T -2 -2 -2 -2 
ON. of other elements: — ... là -3 +6 +4 +3 +] 


5. Oxidation number of a metallic element in combination is usually positive, except in 
some hydrides GeH,[Ge(—4), H(+1)*4], carbonyl/nitrosyl/and dinitrogen complexes: 


(-h (-3) (+1)x3 (I) ‘ 

K(N>) Co Р(Мез ); Mn (МО); (СО) [Ni2(CO);] ^ 
(—!) (+1) (= 1) i (72) А 
Co (CO); (NO) [Mn(CO)«] [Mo(CO).]*- 

(=) " (-2) > 

[Mn(CO), PR;] [ W (СО); ] 
6. Oxidation number of a radical or ion is equal to its electrical charge with proper sign. 
Radical/Ton : Na* Cr NH, 5047 057 0, 
Oxidation number; — +1 -] +1 -2 -2 -| 


7. Oxidation number of a molecule or a compound is zero. That is, sum of the oxidation 
numbers of the constituent atoms, each multiplied by the number of atoms of the element in 
one molecule/molecular formula of the compound will be zero. 


Examples: (2.31) 


(1) HO 
Oxidation number of the constituent atoms : Н(+1), O(-2) 
2. Oxidation number of H,O molecule: 
-(H)x2*(-2»x17432-2^70 
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(2) 


(3 


—" 


(4 


—" 


(5 


— 


(6 


— 


(7) 





CaCl, 
Oxidation number of the constituent atoms : Ca(+2), CI(-1) 
^ Oxidation number of CaCl, 
= (+2) х | + (-l) *¥ 2=42-2=0 

KCI.MgCl,.2H,0 
Oxidation number of the constituent atoms : K(*1), Мр(+2), Cl(-1), H(*1), O(-2) 
^ Oxidation number of KCL.MgCI2H,0: 
= ((+1) x 1 + (-1) x1] + [(+2) * 1 + (-1) x 2] + 2[(*1) х 2 + (-2) х I] 
=0+0+0=0 
Find the oxidation numbers of 5 in H,SO,, H,SO, and H.S. 
Let the oxidation numbers of sulfur in H,SO,, H,SO, and H,S be х, y and z. Since the 
oxidation number of а compound/molecule is zero, therefore, 

for H,SO, : (+1) х 2 + х + (-2) х 4 = 0 „х= +6 

for Н,50, : (+1) x 2+ у + (-2) х3 = 0 у= +4 

(ог Н, : (+1) х2 +2 = 0 


ж 7 


tà 
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Find the oxidation number of S in sO; ion and 80 ion, 

Let the oxidation number of S in SO; and SO ions be x and y respectively. Then, 
for 5047 :x + (-2) х 4 = –2 x = +6 
for 5057 :y + (-2) х 3 =-2 nysH 

Find the oxidation number of N is HNO,, HNO,, NH, and NH.CI 


Let the oxidation number of їп HNO,, HNO,, NH, and NH,CI be equal to p, g, r and 
х respectively, then, 


for HNO, : (+1) х 1 +p +(-2)* 3-70 p= +5 
for HNO, : (+1) x 1 +g + (-2)*2=0 д = +3 
for NH, : (+1) х3 += 0 r= 
for NH CI : (+1) х 4 + 5 + (-0* 170 .s =-3 


Find the oxidation number of oxygen in H,O, Н,0О,, HO,, Os. 
Let the oxidation number of О in H,O, Н,О,, HO, and О, be p. q. r and s respectively, 
then, 


for HO : (*1) * 2 +p=0 npe 
for Н,0, : (+1) х2 +4х2 = 0 „9 = ~! 
for НО, : (+1) * 1 + рх 2 = () ` r= -i 
for O, : sx3=0 eG 





(8) Find the oxidation number of Mn in MnO,, KMnO,, Na,MnO, and MnCl,. 


Let the oxidation number of Mn in MnO,. KMnO,, Na,MnO, and MnCl, be a, b, c and 
d respectively, then, 


for MnO, : a + (-2) х2 = 0 “a= +4 
for KMnO, : (+1) + b + (-2) х 4 = 0) — 9 
for Na MnO} : (+1) х 2+ с + (-2) х 4 = 0 „єс = +6 
for MnCl, : d + (-1)* 2-7 0 а = +2 


(9) Find the oxidation number of Cr in C n0., K,CrO, and К,Сг,О,. 
Let the oxidation number of Cr in Cr,O,, K,CrO, and K,Cr,0, be х, y and =, respectively, 


then, 
for Cr,O, : fx) x 2 + (C2) х3 = 0 xy = +3 
tor К,СгО, : (+1) * 2+ y + (-2) х 4 = 0 „у= +6 
lor KCrO, : (+1) * 242% 2+ (-2)* 7=0 2 6 


The above mentioned rules often appear insufficient in assigning the oxidation numbers 
of elements in their compounds having more than one atom of the particular element linked 
һу different types of chemical bonds. These situations are particularly common in case of organic 
molecules in which the atoms of the same element (e.g. C, N) are linked by different types 
of chemical bonds and exist in different oxidation numbers. Among the inorganic compounds 
the following are common : 


Examples (2.32) 

(1) Ammonium nitrate NH,NO,. In assigning oxidation number to N atoms in this type of 
compounds, advantage is taken of certain of its chemical properties. Since it is a salt, it 
ionizes to give МН,” and NO. ions, oxidation number(n) of N in these two tons are 
different: 

for NH,* : (n) + (+1) х 4 -3 
for NO. : (n) + (-2) * 3 7 -1 “п = +5 
(2) Some times structural information gives clues to the oxidation number of an element of 


which more than one atom are present in the stoichiometric formula of a compound. 
Consider the following compounds of sulfur, each containing two atoms of sulfur : 


Sodium thiosulfate : Na,5,0, 
Potassium pyrosulfate ; К,5,0; 
Potassium peroxodisulfate : K,S,0, 
As the names imply, thiosulfate ($5017) ion is like sulfate (5047) ion іп which опе 
О atom is replaced by опе 5 atom. 


I 
li 


+] = o» 


si" 





oF No oF No 
SOT | $,05- 


When an atom in a particular molecule or ion is linked by a chemical bond to another 
atom of the same element (i.e, catenation), oxidation number of each atom of the element 
for such a chemical bond is taken as zero. So the oxidation number of the terminal $ atom 


in 501^ ion 15 zero. Oxidation number of the central S atom for linking with the trminal 
5 atom is also zero. Since the central S atom is also bonded with three atoms of O and overall 
charge of the ion is —2, therefore, the oxidation number(s) of the central 5 atom in 5,047 
ion will be +4. 
[0 + s + (-2) х 3 = 2 "os = +4] 
Pyrosulfate (8,057) and peroxodisulfate (5,047) consist of two sulfate groups linked 
through а common охо bridge and a peroxo bridge respectively, 


О o o o 
| | | | 
—5—0—8S20 O=S—O0—0— S=0 
| | | | 
О О О О 
5,05 Soi 


Since the oxidation number of O atom in a oxo group (O^-) is (—2) and that in a peroxogroup 
(027) is (-1), oxidation numbers) of S in both these ions is +6. 


5,05 = O,S(0)80, :(-22)*345*(2)*5*(22*»32-2 OX Y ae 
$04 = 0;5(0;)80; (2) х 3+ s + (-2) + s + (-2) х 3 = -2 — 


Elements existing in more than one oxidation states, apart from their elemental states of 
zero oxidation number, may undergo two other types of redox reactions, called disproportion- 
ation reactions and comproportionation reactions. 

Disproportionation reactions 

In this type of redox reaction two or more species of the same element in the same oxidation 
state react to produce more than one species of the element in different oxidation states, that 
are higher and lower than the oxidation state of the reactant species in such a manner that 
the total increase in oxidation number (oxidation) is equal to the total decrease in oxidation 
number (reduction). 
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Examples (2.33) 


(1) Disproportionation of chlorine (CI5) in presence of alkali produces chlorate (CIO. ) and 
chloride (CIM) ions. 
Oxidation (CWO) — Cl (+5)]х1 


i CX pL 


(0) (+5) (-1) 
АС1„ + 6NaOH — NaC lO, + SNaCl + 3H,O 


Reduction (CKO) — CI (-1)]x5 
(2) Disproportionation of H,Q,. 
Oxidation [O(-1) — O(0)]x2 


(-l1) (-1) (0) (-2) 
Н.О, + H,0, — О, + 2H4,0 


Reduction (O(-1) — О (-2)]x2 

Comproportionation reactions 

In this type of redox reaction, species in more than one oxidation state of a particular element 
react with one another to produce species containing the element in an intermediate oxidation 
state in the manner that the total increase in oxidation number (oxidation) remains the same 
as the total decrease in oxidation number (reduction) of the element. 
Examples (2.34) 
(1) Ammonium nitrite (NH,NO. ) is not a stable compound due to comproportionation of NH} 

ion and МО,” ion, producing N, gas: 

Oxidation (N(-3) — N(O0))*1 


(-3) (+3) (0) 


Reduction [NC*3) — N (0)]x1 


(2) Thermal decomposition of solid ammonium nitrate, NH NO, (Explosive) produces nitrous 
oxide gas, N,O, as NH,* ion and МО,” ion comproportionate, 


Oxidation [N(-3) =» ЇМ(+1)]х! 


(73) (+5) (+1) 
NH4NO, =” N40 + 2H,0 


` Reduction (N(+5) > N (+1)]х1 
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(3) 


(4) 





In acidic solution bromate ( BrO; ) ton and bromide (Br-) ion comproportionate to liberate 
bromine (Br, ). 


Oxidation |Br(-1) — Br(o)]x5 


Г ио ae Gey 


(+5) (-1) f (0) 
BrO, + SBr + 6H > 3Br, + 3H40 


Reduction [Bri+5) > Br]xl 
Similar comproportionation reaction also takes place between iodate (IO. ) ion and iodide 
(Г) ion with liberation of iodine (1) in neutral and weakly acidic medium. 
Colloidal sulfur is formed if H,S - water is added to a an aqueous solution of a sulfite 
salt or SO, - water (H,SO,). Sulfide (S*-) ion and sulfite (SOT у ton comproportionate 
to produce elemental sulfur (S*) im colloidal form. 


Oxidation [8(-2) - 5(0)]х2 


(-2) (+4) (0) 


Reduction [S(44) > S(0)}x! 


Disproportion and comproportionation reactions are very common in qualitative inorganic 
analysis. 


(b) Balancing Chemical Equations of Redox Reactions by Oxidation Number Method 


(O.C. Johnson, 1880) 


The oxidation number concept may be applied to balance the chemical equations of redox 


reactions applying the following useful rules: 


(1) Write the reactants and the products of the reaction in the format of a chemical 


equation. 


(ii) Assign oxidation numbers (O.N.) to all the atoms on both sides fo the equation. 
(iii) Inspect which atom(s) on the reactant side is (are) undergoing change in their oxidation 


numbers in transforming to the products. 


(iv) Identify the atoms which undergo increase in oxidation number (oxidation 


i.e, reductants), Identify the atoms which undergo decrease of oxidation number 
(reduction, i.e, oxidants), 


(v) Multiply the stoichiometric coefficients of the oxidant and the reductant by appropriate · 


integers to make the total increase of oxidation number of the reductant equal to the 
total decrease of oxidation number of the oxidant. 
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(vi) Inspect the skeleton equation thus deduced and introduce proper coefficients to the 
formula of the compounds/ions which are neither oxidized nor reduced. 

(уп) For redox reactions in acidic solution, balance the equation for О (oxygen) atoms 
by adding H,O to the side with less O, and the balance for H (hydrogen) atoms by 
adding Н” to the side with less Н. 

(viii) Check the result by making sure that the equation is balanced both for atoms as well 
as for charge. 

Examples (2.35) 
(1) Dissolution of CuS in HNO,. 
Incomplete equation showing the reactants and products: 
CuS * HNO, — Cu(NO.), + S + NO + H,O 

Atoms on reactant and product sides : Cu 5 H N 19, 

O.N. of atoms on the reactant side : +2 — + *5 -2 

O.N. of atoms on the product side : +2 б, +h S ERE 

Thus O.N. of only two atoms, viz, N in HNO, and S in CuS undergo change. O.N. of 

the other atoms remain unchanged. 

Change of O.N. of N : From (*5) in HNO, to (+2) in NO. 

^ Each atom of N undergoes reduction by 3 units decrease in ОМ. 

Change in О. N. of S : From (—2) in CuS to (0) in S (element). 

^ Each atom of S undergoes oxidation by 2 units increase in O.N. 


Increase of O.N. (-2) to 0 = 2 units 


| Oxidation l 


CuS + HNO, — Cu(NO,), + 5 + NO + H,O 
Reduction 
Decrease of O.N. from (+5) to (42) = 3 units 


Therefore, the decrease in O.N. of the N-atom will be balanced by the increase in O.N. 
of the S-atom by multiplying the coefficient of HNO, by 2 and that of CuS by 3. 


(I-2) - 0| = 2)x3 =6 
3CuS + 2HNO, — 3Cu(NO,), + 3S + 2NO + HO 


(0+5) - (432) 23) x 226 
Now, formation of each Cu(NO,), requires 2HNO,. So, 3Cu(NO,), will require 6HNO,. 
The equation is balanced by adding 6HNO, to the reactant side and consequently 3 more H,O 
on the product side, since the only H-containing reactant is HNO, and the only H-containing 
product is H,O. Therefore, the balanced equation for the reaction is, 
3CuS + 8HNO, — 3Cu(NO,), + 35 + 2NO + 4H,0 


TT 














(2). Alkaline solution of purple coloured KMnO, turns green on addition of Na,S0, 
solution, as permanganate (MnO,) ion oxidizes sulfite (07) ion to sulfate (SOT ) ion and 
itself is reduced to green coloured manganate (MnO; ) ion. 

The unbalanced equation for the reaction is, 


KMnO, + Na,50, > KMnO, + Na,SO, 

Reactant side atoms Product side atoms 

К Mn О Ма S K Mn О Ма S 
Oxidation Number: (+1) (+7) (-2) (+1) (+4) (+1) (+6) (-2) (+1) (+6) 
Change in ON.: Mní(*7) — Mní*6) | unit decrease per Mn atom 

5(+4) — S(+6) 2 units increase per 5 atom. 


Therefore, decrease in O.N. of Mn atom will be balanced by the increase in О.М. of 5 
atom by multiplying KMnO, by 2 and Na,SO, by 1. 
((+7) — (66) = D x222 
2KMnO, + NaSO, ә 2K,MnO, + М№,50, 


(0+4) – (46) 22) x 122 


Now, number of О atom on L.H.S. = 11 and on the В. Н. S. = 12. To balance the number 
of O atoms on both sides, add 1 H,O to the L.H.S. This produces 2H” on the R.H.S. 
2KMnO, + Na,SO, + H,O — 2K,MnO, + Na,SO, + 2H" 
Since the reaction medium is alkaline, 2H* ions will react with 2OH" ions to produce 2H,O 
molecules. So add 2H* and 2OH™ ions to the L.H.S. and 2H.O to the R.H.S. 
2KMnO, + Na,SO, + H,O — 2K,MnO, + Na,SO, 2H" 
2H* + 20H- > 2H,0 
г. 2KMnO, + Na,80, + 20H" — 2K,MnO, + Na,SO, + H,O 
The equation is balanced except in the number of K atoms and charge. Number of K atoms 
on the L.H.S. is 2, whereas on ће R.H.S., it is 4. So, 2 atoms of K should be added to the 
L.H.S. Charge on the L.H.S. is (-2) for 20H" ions, whereas, charge on the R.HS. is zero. 
The equation can be balanced in respect of number of atoms and charge, by adding 2K" ions : 
instead of 2K atoms on the L.H.S., 
2KMnO, + Na,SO, + 2K* + 20H- — 2K,MnO, + Na,SO, + H,O 
The K* and ОН” ions come from KOH as the solution is alkaline. Therefore, the final 
complete balanced form of the equation 15, 
2KMnO, + Na,SO, + 2KOH — 2K,MnO, + Na,SO, + H;O. 
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(3) Balance the equation of the following redox reaction taking place in acidic medium. 
KCrO, + HSO, + KI ә K,SO, + Сг(5$О,), + 1, + HO 
Reactant side atoms Product side atams 
К Ce. НН K- Cr. QvH х9 у 
Oxidation number(O.N.): (+1) (+6) (-2) (+1) (+6) (1) (+1) (+3) (C2) (+1) (+6) (0) 
Change їп ON. Cr (*6) — Cr (*3) 3 units decrease per Cr atom. 
| (-1) + 1 (0) | unit increase per | atom. 
^ Decrease in О. N. per Cr atom = (Increase in O.N. per | atom) х 3. 
Since. dichromate (Cr;03" ) ion involves 2 Cr atoms, 
^ Decrease in О, N. of 2 Cr atoms in Chos- ion = (Increase in O.N. per | atom) х3х2 
^. [C057] = [1] x 6 
Therefore, with each mole of K.Cr,O., 6 moles of KI will react and 3 moles of l, will 
be produced. 
I -1)x6 — (0)х6 = 6 


Oxidation | 


KCrO, + H4,SO, + OKI — 4К,50, + Cr(SO,), + 31, + H,O 


| Reduction 1 


(+б6)х2 — (+2)х2| = 6 


For 8 К” and 2 Сг” ions on the R.H.S. to exist as sulfate salts, as many as 7 sulfate 
(037) ions are required, which require 7H4SO, to be added to the L.H.S. Since H,O is (ће 
only H-containiig molecule on the product side and H,SO, is the only H-containing reactant, 

50 TH4SO, will produce 7H,O molecules. The complete balanced equation is, therefore, 
K,Cr,0, + 79,50, + 6KI — 4K,S0, + Cr,(SO,), + 31, + 79,0 

(4) lodine undergoes disproportionation to iodate and iodide in presence of hot conc. NaOH. 
Balance the equation for the reaction by oxidation number method. 

The unbalanced equation for the reaction is, 

1, + NaOH - NalO, + Nal + H,O 

О.М. of atoms on the reactant side: K0), Na(*1), O(-2), H(*1) 

О.М. of atoms on the product side: \(+5, —1), Na(*1), O(-2), H(*1) 

^. Change in O.N. is undergone by | atoms only. 

.. For oxidation of (0) in l, to (+5) in 10,7 ion, increase in O.N. per I atom is by 5 units. 
For reduction of (0) in L, to K-1) in I~ ion, decrease in O.N. per I atom is by | unit. 
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Therefore, IO," and I will be produced in the ratio 1:5. That is, if 6 moles of I(0) or 
3 moles of l, react with NaOH, | mole of NalO, and 5 moles of Nal will be produced. 


(0) — (45) = 5) х 1 =5 
| Oxidation } 
M, + NaOH ә МО, + S5Nal + H,O 


| Reduction 1 


((0)- -D| = 0) х5 = 5 


Since the number of atoms of Na on ће R.H.S. is 6, so there should be 6NaOH on the 
L.H.S. and consequently 3H,O on the R.H.S., which automatically balances the number of 
O-atoms on both sides of the equation. The complete balanced equation is, therefore, 


3l, + 6NaOH — NalO, + SNal + 3H,0 


(c) fon-Electron Method of Balancing Chemical Equations of Redox Reactions 
(Jette and La Mer, 1927) 


This method is based upon the definitions of oxidation as loss of one or more electrons 
and reduction as gain of one or more electrons. The method is very useful in balancing chemical 
equations of redox reactions in aqueous solution involving ionic reactants, as we often come 
across in qualitative and quantitative inorganic analyses. 

The overall reaction is broken into two components, called half-reactions for oxidation and 
half-reaction for reduction. Each half-reaction is first separately balanced. The two separately 
balanced half-reactions are then added to obtain the equation for the overall reaction after 
multiplving with appropriate integer coefficients, so that the number of electrons lost by the 
reductants (i.e, oxidation) is exactly equal to the number of electrons gained by the oxidants 
(i.e. reduction). When the reactions take place in aqueous solution, in addition to the ions derived 
from the oxidants and reductants and the electrons, molecules of H,O, Н” and ОН” ions are 
also present in the system and may be utilized in balancing the half-reactions (i.e. partial 
equations). The unit of change in oxidation or reduction reaction is a change by one electron, 
denoted by the symbol, '&'. The following schematic procedure is useful for balancing the 
equation of a redox reaction by ion-clectron method: 

(1) Write the unbalanced net ionic equation of the reaction, putting the reactants on the 

left hand side and the products on the right hand side. 

(ii) Find which atoms of the reactants are oxidized and which atoms are reduced. 

(iii) Split the net reaction into two half-reactions (partial equations), one representing 

oxidation and the other representing reduction. 

(iv) Balance both the half-reactions for all atoms except H and O atoms. 

(v) Balance each half-reaction for O-atom, by adding required number of H,O molecules 

to the side with less O-atoms and balance for H-atom by adding H* ion to the side 
with less H-atoms. 


(vi) Balance each half-reaction for charge. For this purpose, add required number of 


1107] 





electrons, e, (ie negative charge) to the side with greater positive charge. Multiply 
both half-reactions with appropriate integer factors, so that the electron (e) counts 
of both the half - reactions become equal. 

(vii) Add the two atomically and ionically balanced half-reactions and cancel the electrons 
and the species that appear on both sides of the equation. 

(viii) Check the equation to make sure that it is balanced both for the atoms (i.e. ions) 
and for charge (i.e. electrons). 

Let us consider as examples, а few reactions we come across in qualitative inorganic 


analysis. 
Examples (2.36) 
(1) Test for iodide 


When C I,"water is added to a colourless solution of KI, iodine is liberated, which turns 
the solution brown coloured. 
The unbalaned equation of the reaction is, 


Cl, + KI I, + KCI 
Change of oxidation number : CH0) to Cl(-1), (—1) to K(0) 


So iodide (Г) ion is oxidized to iodine (1,) and chlorine (Cl,) is reduced to chloride 
(Cl) ton. 


г. Half-reaction for oxidation : 17 — I, (unbalanced) 
Half-reaction for reduction : Cl, — CI- (unbalanced) 
Now, on balancing both the half-reactions for atoms and also for charge we obtain, 
for oxidation ; 217 — 1, + 2e (balanced) 
lor reduction ; Cl, + 2e — 2ClI (balanced) 
Adding the two balanced half-reactions, we obtain, — 
Cl, + 2b 2 1, + 2CF 
The equation is completed by adding appropriate number of positive ions (here, 2 К ions) 
on hoth sides. Therefore, the final form of the balanced equation is, 
Cl, + 2KI > 1, + 2KCI 


(2) Test for Hg 


When a solution of mercuric salt (say HgCl,) is treated with stannous chloride (SnCl;) 
solution, white precipitate of mercurous chloride (Hg,Cl,) appears, which gradually transforms 
to grey-black metallic mercury (Hg) in presence of excess of SnCl,. 

The unbalanced equation for the reaction is, 


HgCl, + SnCl, =» Hg,Cl, + SnCl, 
‚+ Oxidation: Sn(+2) => Sn(*4) 
Reduction: Hg(*2) — Hg,(+2) 
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Half-reaction for oxidation : — Sp?* э Snt (unbalanced) 
Sn^* 5 Sn** + 2e (balanced) 
Half-reaction for reduction : Hg?* > Hg$* (unbalanced) 


2Hg^ + 2e -> Hy3* (balanced) 


Now, adding the two balanced half-reactions we obtain, 


2Hg^ + Sn?t > Hes” + Ѕп** (balanced) 


The complete equation is obtained on adding appropriate number of CI- ions on both sides 


of the equation: 


2HgCl, + SnCl, -> Hg,Cl, + SnCl, 


For reduction of Hg,Cl, to metallic Hg, the half-reactions are, 


Reduction: 


Oxidation: 


Hgj* + 2e — 2Hg 


Sn?* — Snt + 2e 


s 7 " 
^. Net reaction Hg5* + Sn^* — 2Hg + Sn" 


The complete balanced equation for the reaction is, 


Hg,Cl, + SnCl, > 2Hg + SnCl,. 


(3) Dissolution of PbS in hot dilute HNO, in Group-HA analysis 
The unbalanced equation for the reaction is, 


Oxidation: 


Reduction: 


PbS + HNO, — Pb(NO,), + NO + $ + HO 


g2- «y S? (unbalanced) 
S?- -» S? + 2e (balanced) 
NO,- + NO (unbalanced) 


МО, + 4H* — NO + 2H,0 (atomically balanced, ionically unbalanced) 
NO, + 4H* + Зе — NO + 2H,0 (atomically and ionically balanced) 


Multiplying the oxidation half-reaction by 3 and reduction half-reaction by 2, the number 
of electrons lost becomes equal to number of electrons gained: 


352- > 38° + бе 
2NO,- + 8H+ + бе — 2NO + 4H,0 


Net reaction: 2NO, + 8H* + 3S% + 2NO + 35° + 4H,0 


^ 2NO,- + 8H* + 3PbS — 3Pb?* + 2NO + 35° + 4H,0 


35% come from 3PbS, which also supply 3Pb?* ions. 3Pb** ions require 6NO, ions for 
charge neutralization. 8H* come from 8HNO, of which 2HNO, are reduced to 2NO. The 
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remaining 6HNO, supply 6NO.~ which neutralize the charge of 3Pb^*. Therefore, the completed 
and balanced equation 15, 


3PbS + 8HNO, — 3Pb(NO,), + 2NO + 35° + 4H,0 
Dissolution of CuS, CdS in nitric acid also takes place according to this stoichiometry. 
(4) H,S reduces FeCl, with precipitation of colloidal sulfur 
Unbalanced equation of the reaction is, 

FeCl, + HS — FeCl, + S 


The half-reactions are: 


Oxidation. $2- — $9 (unbalanced) 
S?- — S° + 2e (balanced) 
Reduction: Fet — Ее? (unbalanced) 


Fe* + e —› Fe" (balanced) 


Multiplying the oxidation half-reaction by | and reduction half-reaction by 2, and then 


adding the two half-reactions, the number of electrons lost becomes equal to the number of 
electrons gained. 


S?- + S? + 2e 

2Ее?* + 2e — 2Fe** 

^ 2Fe** + 52- -> 2Fe™ + S? (atomically and ionically balanced) 
Since S% ion comes from H,S, the next step is, 

2Fe" + H S — 2Fe** + S? +2Н* 


since the positive charge on both sides of the equation is 6, the equation is completed 
by adding 6Cl^ ion in appropriate form on both sides of the equation: 


2Ее?* + Н,5 + 6СГ — 2Fe?* + 5° + 2H* + 6CI- 
2FeCl, + HS — 2FeCl, + S° + 2RCI. 
(5) Oxidation of Chromite, Cr(OH), ion to chromate, CrO?> ion by alkaline sodium 
hypochlorite (NaOCl) in aqueous solution (cf. Group -ША analysis, Sect. 7.8). 
The unbalanced equation for the reaction 15, 


Cr(OH) + NaOCl > CrO}> + NaCl 

The half-reactions are, 

Oxidation :.—. COH), —CrO,- (unbalanced) 
Cr(OH); —CrO; + 4H* (atomically balaned, ionically unbalanced) 
Cr(OH); —эСгО + 4H* + Зе (atomically and ionically balanced). 
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Reduction: 
OCI- =» Ch (unbalanced) 
OCI + 2H' — CF + H,O (atomically balanced, ionically unbalanced) 
ОСГ + 2H* *2e — CI + HO. (atomically and ionically balanced). 


Number of electrons lost in oxidation reaction becomes equal to number of electrons gained 


in reduction reaction, on multiplying the oxidation half-reaction with 2 and reduction half- 
reaction with 3. 

2CriOH), =» 2CrO,- + 8H* + бе 

ЗОС! + 6H' + бе — 3С! + 3H;0 

2Cr(OH), + 3OCF > 2С047 + 2H* + 3C + 3H,0 


The equation is now atomically and ionically balanced. But still it does not represent the 
actual picture of the reaction. Since the reaction takes place in alkaline medium, H* ions can 
not be set free in this reaction. So the 2H" ions on the R.H.S. of the equation should react 
with 2OH™ tons present in the alkaline reaction medium to produce 2H,O molecules. 

2С(ОН), + 3CIO- > 2CrO" + ЗСГ + 3H,0 + 2H* 
JH* + 20H” > 2H,0 


Net reaction: 2Cr(OH),- + 3CIO- + 20H- — 2Cr0j- + 3CF + 5H,0 


This equation is not only atomically and ionically balanced, it also reflects a true picture 
of the reation. Charge on both sides is —7. The charge is neutratized by adding 7Na' ions 
to both the sides. Thus, the final form of the equation ts, 


2Na[Cr(OH),] + 3NaOCI + 2NaOH — 2Na,CrO, + 3NaCl + 5H,0. 
(6) Oxidation of Mn(II) salt to permanganate (МпО, 7) by sodium bismuthate (NaBiO,) 
in nitric acid medium 

The unbalanced equation for the reaction 1s, 

Mn? + BiO," —> MnO,” + Bi? 
Half-reaction for oxidation : 

Mn?* > MnO,” (unbalanced) 
Mn2* + 4H,0 — MnO, + 8H* (atomically balanced, ionically unbalanced) 
Mn2* + 4H,0 — MnO, + 8H* + Se (atomically and ionically balanced) 


Halt-reaction for reduction: 


BiO,- > Ві? (unbalanced) 
ВІО; + 6H* — Ві? + 3H,0 (atomically balanced, ionically unbalaned) 
ВіО,- + 6H* + 2e — BP* + 3H0 (atomically and ionically balanced) 
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Number of electrons los! in oxidation becomes equal to the number of electrons gained 
in reduction on multiplying the oxidation half-reaction with 2 and reduction half-reaction with 
5. Adding the two balanced half-equations and cancelling the like terms, we obtain the net 
equation for the reaction: 


2Mn^* + 5H,O — 2MnO, + 16H" + 10e 
5BiO," + 30H* + 10е — SBi** + 15H,0 
Net equation: 2Mn** + SBiO,- + 14H* + MnO, + SBP* + TH,O 
Charge: (+2 х 2) + (-1)) х 5 + (#1) x 14 = +13 (—1) x 2 + (+3 х 5) = +13. 
I4H" ions come from 14HNO.. 2Mn** ions requires 4 NO," ions and SBiO.” ions require 
3Na' for charge neutralization. Similarly 2MnO,~ ions require 2 Na* or 2H* ions and 5 Bi?* 
ions require 15 NO. ions for charge neutralization, Adding appropriate number of cations and 
anions to both sides, we obtain the completely balanced equation: 


Z2Mn(NO.), + 5NaB10, + 14НМО, — 2NaMnO, + SBi((NO4), + 7H40 + 3NaNO, 

(7) Disproportionation of iodine (L,) to produce iodate (10,~) and iodide (17) on reaction 
with hot concentrated NaOH solution 

The unbalanced equation for the reaction is, 

l, + OH э 10, +F 

Oxidation half-reaction : 

| ә Юю, (unbalanced ) 

| + ЗОН > IO," + ЗН" (atomically balanced, tonically unbalanced) 

1 + ЗОН" > 10, + ЗН” + Se (atomically and ionically balanced but not logically) 

| + 60H- > IO, + 3H,O + 5e (atomically, ionically and logically balanced) 

Reduction half-reaction: 

1 ә Г (atomically balanced, ionically unbalanced) 

[+е-› Г (atomically and ionically balanced). 


Number of electrons lost in oxidation becomes equal to the number of electrons gained 
in reduction on multiplying the oxidation half-reaction with 1 and reduction half-reaction with 
5. On adding these two balanced half-equations we obtain the net equation: 


| + 60H" > IO," + 3H,0 + Se 


51 + Se — 517 
Net equation: 61 + БОН” — IO," + 5Г + 3H,O 
or, 31, + 60H" — 10, + 5F + 3H;0. 


Now, charge on both sides is —6, which is neutralized by adding 6Na” ions to both sides 
of the equation. The complete equation of the reaction is therefore, 
31, + 6NaOH — NalO, + 5Nal + 3H,O 
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(d) Energetics of Oxidation - Reduction Reactions 


(i) Galvanic Cell Potential and Free Energy Change 


Oxidation involves loss of electrons, reduction involves gain of electrons and electric current 
is essentially a flow of electrons. Thus, as oxiation - reduction reactions are associated with 
electron transfers, flow of electric current from one electrode to the other in a cell is also 
associated with oxidation-reduction reactions. Let us consider a galvanic cell of which one of 
the two electrodes consists of a Zn rod immersed into an aqueous solution of ZnSO,. and another 
electrode consists of a Cu rod immersed into an aqueous solution of CuSO,. If the two 
electrolytes (ZnSO , and CuSO,) solutions are connected by à Na,SO,-agar salt-bridge and the 
two electrodes (Zn and Cu) are connected by a metallic wire, a stream of electrons (current) 
flows through the external circut from the Zn-electrode to the Cu-electrode. According to Nernst 
(1888), when a metal is brought into contact with a solution one of its salts, two electrochemical 
phenomena set in. One is the tendency of metal atoms to pass into the solution as metallic ions. 
leaving one or more electrons on the metal rod, thereby making the metal electrode negatively 
charged with respect to the solution. This tendency is called electrolytic solution pressure of 
the metal. The second phenomenon is the tendency of the metallic ions in the salt solution to 
be deposited as metal atoms on the metal electrode, thereby making the metal electrode positively 
charged, relative to the solution. This tendency is called osmotic pressure of the solution. 
Electrolytic solution pressure is a characterstic property of the metallic element itself, it does 
not depend upon the amount of metal or shape of the metallic electrode, whereas, osmotic 
pressure of the solution depends upon the concentration of the metallic ions in the solution. 
The metallic ions released into the solution due to electrolytic solution pressure, can not move 
far away from the metal electrode because of their comparatively large cationic charge. In fact, 
because of the electrostatic attraction of the negatively charged metal electrode, the positively 
charged metallic ions are held to form a electrical double layer around the metal electrode, as 
the anions (here, the so; ions) arrange themselves around the layer of the positively charged 
metal ions. Similarly, because of osmotic pressure, as the metal electrode becomes positively 
charged with respect to the solution, it attracts the negatively charged 0; ions to form ап 
electrical double laver around it, as the positively charged metallic ions tend to arrange 
themselves around the layer of $03 ions. As the electrolytic solution pressure (p, ) of the metal 
is opposed by the osmotic pressure (p, ) of the solution, an electrochemical equilibnum is 
reached, when only a minute amount of the metal has passed into solution as metallic ions or 
a minute quantity of the metallic ion has deposited as metal atom on the electrode. The potential 
difference established between the metal and the solution of its salt at equilibrium is called the 
electrode potential, more appropriately, single electrode potential of the metal-metal ion system. 
Magnitude of the electrode potential depends upon the concentration of the metal ion in the 
salt solution and also upon the nature of the metallic element itself and temperature. The sign 
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of the electrode potential is conventionally adopted as the sign of the charge of the metal 
electrode, and that is governed by the relative magnitudes of p, and р: 


(i) if p, > p, The metal becomes negatively charged relative to the solution as 
oxidation of metal atom to metal ion predominates. This occurs with 
the Zn/ZnSO, electrode, 

Zm — Zw* + 2e. 


(u) if p, <р, The metal becomes positively charged relative to the solution as 
reduction of metal ions to metal atoms predominates. This occurs with 
the Cu/CuSO, electrode, 

Cu** + 2e — Си, 


(iii) if p, = p, The metal remains uncharged in the solution. This occurs with noble 
metals, e.g. Pt. Au etc. 


Thus, when the metal is positively charged with respect to the solution, the electrode 
potential has a positive sign and when the metal is negatively charged with respect to the 
solution, the electrode potential is negative. Therefore, for the galvanic cell under consideration 
(Daniel cell) the Cu/CuSO, electrode is the positve electrode, where reduction of Cu?* ion 
to Cu atom takes place (i.e., cathode). The Zn/ZnSO, electrde is the negative electrode, where 
oxidation of Zn atom to Zn?* ion takes place (i.e. anode). The flow of current in this cell 
is thus, due to flow of electrons from the electron rich Zn electrode (anode) to the electron 
defficient Cu electrode (cathode) through the external circuit: 


Na,SO, 
Salt-bridge 
(-) Anode | Cathode (+) 
Zn(s) / Zn (ад) | Си” (aq) ! Cu (s) 
P — n Land 
electrical double layer electron flow electrical double layer 
(phase boundary) (phase boundary) 


Such a flow of electrons through the external circuit from Zn electrode to Cu electrode 
takes place because the electrons have lower energy when on Cu than on Zn atom (atomic 
radii : Cu (1.28 A), Zn (1.38 А)). The driving force that pushes the negative electrons away 
from the negative electrode (anode) and pulls them toward the positive electrode (cathode) 
is an electrical potential, called electromotive force (emf) of the cell. The emf (E) of a galvanic 
cell is defined as a positive quantity, which in 51 unit, is expressed as volt (V), and is related 
to the SI unit of energy (joule. J) and electric charge (coulomb, C) according to the relation: 


W=1C x IV=1VC 
where. С is the amount of charge (in coulomb) transferred when a current of 1 ampere 
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flows for | second (S). When 1C of charge is transferred between two electrodes differing 
in electrode potential by IV, 1J of energy is released for useful work. Since 1 watt (W) is 
equal to | J. S^, this energy is also equal to | wait. 


The cell potential, i.e, emf (E) is an electrical quantity. It is directly proportional to the 
free energy change (AG), which is a thermodynamic quantity of the cell reaction. These two 
quantities are related by the equation: 

AG = —nFE 


where, л = number of moles of electrons transferred in the reaction. F = faraday (Faraday 
constant), the electric charge carried by one mole of electrons (96.485 C/mole of electron, 
rounded off to 96500 C/mole of electron). As the unit of E is volt (V) and that of F is coulomb 
(C), therefore, the unit of AG is volt.coulomb (V.C.) i.e joule (1). Since the cell emf (E) is 
а positive quantity, and for a spontaneons cell reaction АС has to be negative, a minus sign 
is put in the relation between these two quantities to indicate their Opposite signs. 

When the reactants and the products in a cell reaction are present in their standard states 
i.e. solutes at | molar concentrations (more accuralety activities), gases at a partial pressure 
of | atm, solids and liquids in their pure forms, all at a specified temperature, usually 25°С, 
the emf or cell potential under this condition is defined as standard cell poteatial (E°), which 
is related to the standard free enegy change (АС) by the equation, 


AG? = -nFE? 
Example (2.37) | 
(1) Find the standard free energy change for the cell reaction: 


Znís) + Cu?*(ag) + Zn**(ag) + Cu(s) at 25? C if the standard cell potential is 1.10V. 


96500C |J 
AG? = -nFE* = -2(mol. of e) x (mol. of e) кЗ) | evi 


= 212,300 J = 212.3 kJ. = 50.5 К.Са! (+: 1 Cal. = 42 J) 


(ii) Nernst equation for single electrode potential 


Nernst (1889) expressed the potential difference existing between a metal and a solution 
of its ion, Le, a single electrde potential (E) by the relation, 


E = RT, Lo 
nF р, 


where, R is the Universal gas constant expressed in electrical units, F is faraday and л 
is the valency of the ion, T is absolute temperature. Substituting R = 1.989 х 4.2] = 8.3538 
V.C.K"!, T = 298K (25°C), Е = 96500 coulomb.mol."' and expressing natural logarithm to 
logarithm to base 10 by multiplying with the factor 2.303, the above expression for 25°С 
becomes, 
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Since osmotic pressure (p. ) is directly proportional to the concentration (c) of the solution 
and absolute temperature (T) by the relation, р, = cRT., the electrode potential, E, at a particular 
temperature will, therefore, depend upon the concentration (more correctly activity) of the metal 
ions. For a univalent ion (м = 1), if the concentration is increased by 10 times, the electrode 
potential E. will increase by 0.0594 volt (-0.06 volt). For a divalent ion (n = 2), under the 
above condition, the electrode potential will increase by 0.0594/2 = 0.0297 volt (~ 0.03 volt). 
The higher is the concentration of the metal ions in the solution, the higher will be the osmotic 
pressure and the electrode potential will have higher (more positive, less negative) value, and 
greater will be the tendency of the metal ions in solution to be reduced to metal atoms by 
taking up electrons from the metal electrode. On the other hand, the electolytic solution pressure 
(p. ) of the metal atoms is a measure of their tendency to be converted into metal ions, by 
losing their electrons to the metal electrode (т.е., by oxidation), so, it is a measure of the tendency 
of the metal atoms to undergo oxidation. 


(iii) Standard electrode potential (E^) эм, 


There is, however, no known method for experimental determination of single electrode 
potentials. For the determination of the potential difference between a metal (electrode) and 
а soluton, the electrode under consideration has to be coupled with a standard reference 
electrode of arbitrarily fixed potential to form a voltic cell, the emf of which can be measured 
by a voltmeter. Since the emf of the cell is the algebric differnece between the two electrode 
potentials, the electrode potential of the experimental electrode can be calculated. The 
Universally accepted standard reference electrode used for comparing the potentials of single 
electrodes, is the molar or normal hydrogen electrode (NHE) also called standard hydrogen 
electrode (SHE). The standard hydrogen electrode (SHE) consists of a platinized platinum foil, 
immersed in a solution of hydrochloric acid, molar with respect to hydrogen tons (i.e, hydrogen 
ions H* of unit activity, “y+ = 1 M), through which pure hydrogen gas (H,) is passed at 
a pressure of | atmosphere (1 atm.) and kept at 25°C, the potential of which has been arbitraily 
and Universally fixed at zero (0) volt. 

The SHE may be described according to, 


Pt, 1 atm. H,(g), 1M) Н” (ag), 25°C 
ог, Pt, Ho(g) | atm., Н fag), 1(M), 25°C 
The corresponding half-reactions, written in either direction, is assigned an arbitary potential 


of zero (0) volt : . 
H'(ag, 1 M) + e > %Нуд, 1 atm.) Ej = OV 


МН, (g, lam) > Над, 1 M) +e — Ej, = OV 
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Now, f the ZwZnSO, electrode in which concentration (activity) of Zn?*/ag) ions is 
| mollit (ie. | M) is coupled with a SHE, the following galvanic cell is formed: 


| As e ^ ^ ОЕ 6 
ту) | Zn^* (aq, \М)|\Н (ад, 1M) | На, latm.)| Ptís) 


Electromotive farce (emf) of the cell (Ер) is the algebric differnece between the standard 
electrode protentials of the cathode (+) and the anode (—) electrodes. 


E" cell "D 
Е° 


© _ E? 
cathode * anode 


Ч e * 
vell ^7 E . E, з 
HMH у=, 


/n* /Zn 


Since, E" + E. is equal to zero (0), therefore, 


E" nz -E" 
се! Inet iZn 


The measured standard cell potential (E° y) at 25°C is 0.76 volt. 
Therefore, E° 5, = -076 volt at 25°C. 
en /2п 


Similarly, if the Cu/s)/CuSO, (1M) electrode is coupled with a SHE, the following galvanic 
cell is formed, 


(=) (+) 
Р(х) | t H(z. | atm) H (ag, 1M)IIC u^ (aq. IM) | Cu(s) 
for which the standard emf (E?) is given by 
E" = Е? 


-E? 
Cu**;Cu нн) 


Since, E° is equal to zero (0), therefore, 


їн» 
E? 4| = Е 


The measered standard emf of this cell at 25°C is 0.34 уой, Therefore, Б, = 0.34 


volt. at 25°С. 

The standard electrode potential of an element may, therefore, be defined as the emf of 
the cell produced when a half-cell (i.e. electrode) consisting of the pure element immersed 
in a molar solution of its ions (i.e. solution in which the ions are at their unit activity), 15 
coupled with a SHE at 25°С, the standard electrode potential of which is zero (0) volt. Standard 
electrode potentials of some common half-cells at 25°С are listed is Appendix-A8 in which 
the sign of the potential is the sign of the charge on the electrode. Arranging the standard 
electrode potentials in decreasing or increasing order, we obtain the electrode potential series 
or electrochemical series of the elements. A greater postive value of the potential of a non- 
metallic element electrode reflects the tendency of the non-metal atom to be transformed into 
anions and that of a metallic element electrode reflects the tendency of metal cations to be 
transformed into metal atoms by accepting electrons (reduction). A greater negative value of 
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the potential (always encountered with metal electrodes) reflects the tendency of the metal atoms 
to be transformed to metal cations by losing electrons (oxidation). Thus, high positive value 
of standard electrode potential indicates high oxidizing power (i.e, strong tendency to undergo 
reduction) and high negative standard electrode potential indicates high reducing power (i.e. 
strong tendency undergo oxidation) 


Now, Күүз+ cy and E°, 2+... being known, it is possible to calculate the standard emf 
of the Daniel cell 


(-) : - (+) 
Zn(s)| Zn^ ' (ay, оси" (ag, |M) Cu(s) 


by neglecting liquid junction potentials, and using the relation, 
E? en = Е EL Y 


Cu?* /Cu Zn^* 12а 
= +0.34 V — (-0.76V) = 1.10V. 
Based on the two properties, electrolytic solution pressure (p, ) and osmotic pressure (р, /, 


Nernst equation for single electrode potential for electrodes of the types: 
М" ад) + ne = M/s) may be splitted into two components: 


LRT 5. 
E nF » р, 
RT inl. RT, 
Е p, nF Po 


The first term on the R.H.S. involves electrolytic solution pressure (p,) which 15 a 
characteristic property of the electrde material (the metal atoms) and at a particular temperature 
it is constant for the given element. The second term involves the osmotic pressure (p, ) of 
the solution, which depends upon the concentration (c), (more accurately activity ‘a') of the 
ions in the solution (p, = aRT = cRT for dilute solution). The modified form of the above 
equation may be written as, 


E = constant + RT 3 cRT 
nk 


: RT EE. 
= (constant + wp RT) * ЛЕ In с 


е RT 
constant + nF In c 


When the concentration (more appropriately activity) of the ions in solution is | 
mol.lir (i.e. | M), the second term on the R.H.S. vanishes. The electrode potential, E, under 
this condition is a constant for the half-cell (electrode) at a particular temperature. This constant 
potential is called the standard electrode potential of the electrode, and is denoted by the symbol, 
E°. Thus, 


EE 
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when c 1 (M). Therefore, the Nernst equation for a metal/metal ion half-cell Méj/M"* (ад). 
at а concentration c mollit of the M"*(ag) ions may be written as, 


E = Е° + АТ 


nF 


Substituting the values of R, F and T (298 К) and transforming the natural logarithm to 


logarithm to base 10 by multiplying with 2.303, one obtains the expression for the electrode 
potential at 25°C, 


c= pe. 0059 


n logia C 
similarly the electrode potential of a non-metal electrode, 
X(g) + ne = X™ (ag) 





will be given by, 


459 
E = Е° - 2527 logi, c 
where, с = concentration of X"^(ag) ions in the solution. 
Therefore, knowing the E? of a half-cell, it is possible to calculate its electrode potential 
for any concentration. 


(e) Oxidation-Reduction Electrodes and Redox Potentials 


(i) Definition 


Oxidation involves loss of electrons and reduction involves gain of electrons. In a system 
consisting of an oxidant (Ox) and its conjugate reductant or reduction product (Red), a redox 
equilibrium is established between the oxidant, reductant and the electrons: 


reduction 
Ota = Red 

oxidation 
If an inert electrode such as a platinized platinum foil or a wire is brought into contact 
with such a redox system, the electrode assumes a definite potential depending upon the position 
of the equilibrium. If the oxidation tendency is grater than the reduction tendency, that is, if 
the oxidizing power of the oxidant component is stroger than the reducing power of the 
conjugate reductant, then the redox system takes up electrons from platinum electrode and the 
oxidant (Ox) component is transformed to the reductant (Red) component, as а result, the 
platinum electrode becomes positively charged. If the reducing power of the system is stronger 
than its oxidizing power, the platinum electrode becomes negatively charged. Such a system 
consisting of a conjugate oxidant-reductant couple, thus forms а half-cell, called a redox couple 
and in conjunction with an inert metal such as ptatinum, it constitutes а redox electrode. The 
magnitude of the potential of a redox electrode serves as a measure of the oxidising or reducting 
power of the redox system. The standard electrode potentioal of a redox electrode can be 
obtained in the same manner as the standard potentials of the metal-metal ion electrdes, that 
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IS, Бу measuring under standard experimental conditions, the potential difference between the 
platinum electrode and the solution containing the redox couple, relative to a standard reference 
electrode, such as SHE, potential of which in taken as zero. Under the standard experimental 
condition, the concentrations (more appropriately activities) of the oxidant and the reductant 
in the redox half-cell are 1 mollit! (ie, 1 Af. that is, the ratio of concentrations of oxidant 
to that of the reductant is unity. The oxidation - reduction cell thus formed, may be described 
as, 


Ox(ag, | M) 
Red(ag, LAT) 
The standard emf of the cell is given Бу, 


Коен = Боқи 7 E utaha ы. - Et iHa d o) 


The potential measured in this way is the standard oxidation-reduction potential or standard 
redox potential of the redox half-cell (electrode). The sign of the standard redox potential, 


Pt() H'(ag. 1M) | = Ня), 1 atm Р(х) 

















Егеу > 15 the sign of the charge on the platinum electrode. Standard redox potentials of some 


common redox couples are given in Appendix A-8. Redox couples with positive E? values 
occur at the upper end and those with negative E? values occur at the lower end of the table 
of standard potentials. Oxidant components of the redox couples of high positive value of 
standard redox potentials are powerful oxidizing agents and the reductant components of the 
redox couples with high negative standard redox potentials are powerful reducing agents. 
Oxidant component of a redox couple occurring upper in the table may oxidize the reductant 
component of а redox couple occurring lower in the table of standard potentials, provided the 
difference between the E? values of the couples is appreciable. 


Examples (2.38) 
(1) Permanganate ion (MnO, ) oxidizes СІ, Br, 17, Fe”, [Fe(CN); J, AsO; in acid 


medium and itself is reduced to Mn** ion, since the difference in the E? values 
(AE? = E° (MnO,-/Mn**) - E*(ox/red) are appreciably large. 


Redox Couples E* (ox/red) (volt, 25°С) AE^(volt) 
MnO”, H*/Mn^* +1.51 — 
ACL /CI- +1.36 0.15 
АВг,/Вг- +1.07 0.44 
Fe*/Fe?* +0.77 0.74 
AsO H? / AsO} +0.56 0.95 
ALT *0.53 0.98 
[Fe(CN); | / [F(CN 1] *0.36 1.15 
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(2) Bromate (ВгО, >) ion can oxidize bromide (Br^) ion to liberate bromine (Вг,) and iodide 
(17) to iodine (1,), but it can not oxidize chloride (CI^) ion to liberate Cl,, as the difference 
in the E* values of BrO.. H'/ABr, and "4CL/CI couples is not appreciably large. И maybe 
noted that all these oxidation reactions by bromate ion take place in dilute acid (НСІ) medium. 


Redox Couples E°(ox/red), (volt 25°С) AE"(volt) 
BrO.', H"/'ABr, * 1.45 n 
„ССГ + 1.36 0.09 
^Вг„/Вг + 1.07 0.38 
ALT * 0.53 0.92 


Although the table of standard redox potentials gives information about the feasibility of 
a redox reaction, but it says nothing about the reaction condition, speed of the reaction, nor 
does it give any information about the necessity of a catalyst. 

As the definition of standard redox potential (E?) implies. it is a property of a redox couple, 
when both the components, i.e, oxidant and reductant, are present at. their unit activities. To 
apply the E? values for quantitative study of redox reactions, it is convenient to consider that 
a solution of an oxidant is always associated with some amount of the conjugate reductant 
whatever small. Similarly, a solution of a reductant is always associated with some amount 
of the conjugate oxidant whatever small. That is, a solution of Fe?* is always associated with 
some Fe2* ion, whatever small, so that а Fe?*/Fe?* redox couple exists. Similarly, a solution 
of iodine (1,) is always associated with some amount of iodide (17) ion whatever small, so 
that the redox couple exists. This concept applies to all redox couples. 


(ii) Nernst equation for redox-potentials 


The quantitative relationship between redox potential and activities of the reduced and 
oxidized forms is given by Nernst equation, named after the German chemist, Walther H. Nernst 
(1864-1941), who received the Nobel prize in chemistry їп 1920 in recognition of his 
contribution in chemical thermodynamics. 

The free energy change (AG) of a generalized chemical reaction, 


аА + bB+cC +... < pP + qQtrRt .. 


is expressed by the relation, 
AG = AG? + КТ/ Q 


where, AG? is the standard free energy change, R is the Universal gas constant, T is absolute 
temperature and Q is the reaction quotient, defined according to, 
ah X Gey X Gg X 


a х аў ЮРИ 


where, dy, dg. а... 8nd ар асу ак... Cte. аге the activities of respective species of the 
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reactants and the products respectively and the power terms thereof correspond to their 
stoichiometric coefficients in the balanced chemical equation. Activities of the pure solid and 
pure liquid components among the reactants and products are constant and their values are 
considered to be unitv. In dilute solution, water is also treated as a pure liquid. Activities of 
the gaseous reactants and products are taken as their partial pressures and activities of ionic 
solutes are taken as their molar concentrations, i.e. 


a, 7 [], f 
where. a, and [ ], are the activity and molar concentration respectively of the ith species 
and / is its activity coefficient. In dilute solution, activity coefficient (f, ) approaches unity and 
concentration [ |, approaches activity a, ie [ ], = a, 
Free energy change (AG) of an electrochemical reaction is given by, 
AC ы nFE 
where, л = number of moles of electrons transferred in the reaction, F = faraday (Faraday 
constant), the charge carried by one mole of electrons (96,485 C per mole of electrons, rounded 
off to 96500 С per mole of electrons) and E is the electrode potential. Under standard condition, 
i.e, all ionic solutes at | molar concentrations (more correctly activities), gases at a partial 
pressure of | atm, solids and liquids in their pure forms, all at a specified temperature, usually 
298K (25°C), the standard free energy change (АС?) is related to the standard electrode potential 
(E°) according to, 
AG^ = — nFE® 
Substituting these relationships in the expression for reaction free energy, one obtains, 
-nFE = -nFE* + RT InQ 
Dividing both sides by — nF, gives the Nernst equation, 


ШЕРА 0и і 
Е = Е° – S ing 


of а generalized electrode reaction, 
aA +В * cC +... * ne = pP + gQ * rR * .. 


Substitution the values of the constants, R = 8.314 J. mol"! K-!, F = 96485 С, (= 96500 C) 
at 25°С (298,15 A), and transforming natural logarithm to logarithm to base 10 by multiplying 
with 2.303 and then rounding off the numerical value of RT/F upto three decimal places, we 
obtain the simpler form of the Nernst equation for an electrode reaction at this temperature 
(25°C): 


0,059 
E = E --—-—logoQ 


_ Where, the electrode potential E is the actual potential difference (emf) across a cell 
consisting of this electrode and a standard hydrogen electrode (SHE). 
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When the reaction quotient Q is expressed as concentration quotient in place of activities, 
the thermodynamic standard potential E? is replaced by the stoichiometric standard potential 
E. 

Alternatively, two Nernst equations corresponding to two half-cell reactions can be 
combined into the Nernst equation for a cell reaction. 


= (Eo 0.059 
сен ^ (EP cathode — E woo) 7 " log,,Q. 





AE 


AE 





= 0.059 
= AE cell 7 log О. 


When a electrochemical system is at equilibrium, AG = 0, AE „y = 0, and the reaction 
quotient, Q is equal to the thermodynamic equilibrium constant (K°), which is related to the 
standard free energy change (AG*) according to, 


AG? = -RT/n K? 
Since, AG? = -nFE?, therefore, 
-n FE? = -RT/n К° 


‚ pez RT), ko = 2303RT 


nF nF 
Taking 2.303 RT/F equal to 0.059 V at 25°C, one obtains, 


_ 0.059 
n 





logio К? 





E? log, К” in volts at 25°С, 


nE" 
005 
. К° = 10" °/0.059 


T logio K" - 





This relation is very useful for calculating the equilibrium constants of redox reactions 
in very dilute solutions where accurate measurement of concentration are not feasible. 


Example: (2.39) 
(1) Calculate the equilibrium constant (K*) for the cell reaction of Daniel cell: 
(=) (+) 
Zn(s) Zn?" (ag. aov? (ag, 1M) Cu(s) 
[Given : E*(Zn?*/Zn) = -0.76 V, E*(Cu^'/Cu) = + 0.34 V] 
Here Zn2*/Zn electrode is the anode and Cu?*/Cu electrode is the cathode. 
Боа Eus, = E go, 7 1034 ~ (-0.76) = 1.10 V. 
Electrode reactions: 
At anode : Zn — Zn** + 2e 
At cathode : Cu?* * 2e — Cu 
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^ Number of electrons transferred = n = 2 


0.059 
n 





: Eceli * logi K^ 


"Egg _ (2) x (10V) _ 130 
0059 (0059V) ~~ 


^. K* = Inverse log 37.29 = 103729 = 1.94x10% = 2x10?" at 25°C. 





j^ logy, К° = 


Since the value of the equilibrium constant is very large, the reaction goes essentially to 
completion. At equilibrium (assuming a dilute solution): 

LN 
e. [202 | 


k 
[Си | 





= 2х 107 


3 [Cu^*] = — = $ х 107% [212+] 


that is, when [Zn^'] in 1{М), [Cu?*] will be as small as 5x108 (M). Therefore, 
E? at positive logs K positive К > | 


E? et negative logy K negative К<] 


E?” values of known redox couples (half-cells) range from *3V for strongest oxidant couple 
(Fag) + 2e — 2F (aq). E? = 2.87 V) to - 3V for strongest reductant couple (Li*(ag) + e 
— Lis), E” = -3.04V) (Appendix A8). E? values outside this range are uncommon. Thus, 
the span of standard potentialy from +3V to -3V gives a range of E? у Of *6V for the reaction 
of the strongest oxidizing agent with the strongest reducing agent (Le. — 6V for a reaction 
between weakest oxidizing agent and the weakest reducing agent). For the transfer of two 
electrons (n = 2) in such reactions, the K values range from very high (10200) to very low 
(~ 107299) values : 


[(2X*6)0.059 > K = j2E/0059 > |0/24-6)0.059 
= 10200 > K > 10-20 


as compared to the range of 10!# to 107!4 for acid-base reactions in aqueous solution. 
Therefore, the redox reactions typically go either essentially to completion (K very large) or 
almost does not take place at all (K very small). 


(iii) Redox potentials of adjacent and non-adjacent redox couples 


Redox potentials of an element existing in different oxidation states are related to one 
another, Suppose a metal M exists in two oxidation states M"* and М!" - ?* and each of the 
two ions form reversible single electrodes with M, designated by the half reactions (1) 
and (2): 


T p r 
rye 
! g 





(1) : M"* + ne = M 





Е, = E” — log M"*] 


— 
м" /M "n 


(2): M"~ 4" + (n — aje = M 





Е, = Е°' 0.059 log, M] 


n T 
MIT п) M n-wau 


| Standard potential of the M"* /M-«* couple (3) is related to the corresponding values 
of the two terminal couples (1) and (2). 


Еме» м (1) 





м”* Mt jan Minna манум M 
(3) (2) 


Multiplying E, with л and E, with (n — a), then subtracting (n – a)E, from nE, and dividing 
both sides of the equation by ‘a’ one obtains the expression, 


nE,-(n—a)E,] | nE} -(n-a)ES | 0059 (M"*] 
EUREN S EE = — — шы — 
x [M | 
which appears to be the Nernst equation for the intermediate redox couple (3): 
(3): М" + ae = MP" - 4 


E, = E? $0059 Eri 


м’! 17019 ü — 


i 
p" a 





Therefore, the stoichiometric standard potential of the redox couple M""/M'"?!" may be 
calculated from the corresponding values of the other two connected couples using the relation: 


p" Я nE anti [Mtr а)Е la-a ум 
м ura) 7 ü 
(f) Formal Potentials 
The Nernst equation at 25°С, 


0.059 
n 


for the generalized half-cell reaction 
аА + bB +... + ne = pP + д0 +... 
may be written as, 


E-E*- 





logio Q 


0059, (240 (a4) 


Е = Е° + 
n (о) (ag 





where, the terms have their usual meanings described earlier. Since the activities (a's) of 
the reactants and the products are difficult to measure, it is convenient for all practical purposes 
to replace the activities of the respective species with their equilibrium concentrations [ ], using 
the relation 
activity = activity coefficient * concentration 


Le, a "7, X [7], 


and to express the Nernst equation in terms of these quantities : 


@ b b 
Е = Б + 0.059 |, AAT fa x [B] fy x.... 
i [P]^ f? “ [Q]' | h — 


a. уф o 
E = po, 0059 T fix ба : 0.059 og [A]" x [B] x... 
п ГР х удха.  " [PY x[Q]'x.... 

Now the ratio of the activity coefficients in the second term on the R.H.S. of the above 
equation may be replaced by the mean ionic activity coeffiient +) of the solution. According 
to Debye-Hückel Limiting law the mean ionic activity coefficient of an eletrolytic solution is 
related to its ionic strength (u) according to the relation, 


log f (X) = -42,2 Ju + Си 


where 4 and C are constants. lonic strength (ц) depends upon the concentrations and charges 
of all the ions present in the solution. u is given by the relation, 





or, 


where. с, is the analytical concentration, and 2; is the charge of the ith ion present in the 
solution. In presence of a large excess of an indifferent electrolyte (such as NaCIO,. Na,SO,, 
NaNO,, KNO, etc.), which donot participate in the electrode reaction, the ionic strength (и) 
remain practically constant, so that one may assume without any serious error, 


0.059 7 x fox... 
E? LOSS a = E" = Constant (+, E? is a constant) 
n Ўр х fà x... 


and the Nernst equation maybe written in terms of equilibrium concentrations of the 
reactants and products of the electrode reaction, in the following form, 


EzE?'., 0.059 logi [А] [B] X... 
n [Р]”.[О] +... 
where, E” is the stoichiometric standard electrode potential, whereas, E? is а thermodynamic 
quantity. 
A more useful form of the Nernst equation may be written by replacing the equilibrium 
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concentrations | |'s by the analytical concentrations c's of the components of the electrode 


reaction, when the stoichiometric standard electrode potential (E?') is the called the formal 
potential (Е!) of the electrode reaction: 





Thus, the formal potential E/ is the potential of the half-cell reaction for which the analytical 


concentrations of the reactants and products as appearing in the Nernst equation are all unity 
(Le. 1 M) 


The Nernst equation for the half-cell reaction of a redox electrode, consisting of an oxidized 
form (Ox) and a reduced form (Red) of an element, represented by the half-reaction, 
Ox + ne = Red 


where protons (H^) are not involved and H,O molecules are not produced, may be written 
in the following different forms: 





0.059, Red 
= E°- login Е (at 25° C) 


О, 

=. о 0.059 со, 

= EE login TE 

2 ro(1:0059.... [Ок]. 

= p+ GONE logi [Red] 
" Red 


where, E° and E® are thermodynamic and stoichiometric standard electrode potentials and 
E/ is the formal potential of the redox couple, n is the number of electrons transferred, agy. 
[Ox], с, are the activity, equilibrium concentration and analytical concentration of the Ox form 
and аң, [Red] and cp. are the corresponding quantities of the Red form, Q is the reaction 
quotient, agreg low | 

For this type of system, the value of the electrode potential (E) is solely determined by 
the ratio со, /Срса: For a system with m = 1. the value of E at 25°C for different values of 
Codere are shown below: 
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Co! pas E (уой) 
100 E/ + 0.118 
10 E/ + 0.059 
| E/ 

P f Ons 
T E 0.059 
£i / 

s E’ — 0.118 


Expressions for electrode potentials (E) at 25°С for redox systems of the type, 
Oxfag) + mH'(ag) + ne = Redíaq) + = H,0(/) 


involving H^ ions and H,O molecules, (omitting the charges if any of the Ox and Red forms 
for simplicity) may be written in the following forms: 


л? 
Чоҳ а s 


Е = E° + LO jo, Н 
" "Red 

















[Ox][H ]" 
2 Е" oa logi [Red] 
= per , 0059 + 0059, , [Ox 
Ее 209 log qu] + 20 loti dem 
= о, — 0.059m 0059 [Ox] 
(Е аи Ан) + 00 810 TRed] 
Е E * du logy) — 
“Red 


The formal potential Е/ at a specified hydrogen ion concentration may be calculated using 
the relation, 


E/ = E? 0.059 m 


—— * or 
юн] = E*'- ——— pH] 


For dilute solutions, E” may be taken as E? and [Н+] as C t without any serious error. 
Therefore, for dilute solutions, 


0 IM 


E/ ЕР 0.059, 
п 





log c eur t = EY АН] 





(g) Equilibrium Constants of Oxidation - Reduction Reactions 
The stoichiometric equilibrium constant i.e, the concentration quotient (К) of an oxidation- 
reduction reation, + 
Ox, + Red, = Ox, + Red, 
is defined by, 
_ [Ox5 ][Re d,] 
г [Ox (Red; ] 


where, the terms within [ ] represent the equilibrium concentrations of the respective species 
in the solution. The overall redox reaction involves two redox systems, both involving the same 
number (mn) of electrons (say). 


System-1 Ox, + ne = Red, 


— p" , 0059 [Ох |] Б 
Ei * E T п 10810 [Red] (at 25 C) 








System -2 Ox, + ne aX Red, 


[Ox;] 


— 
—, 810 Red] (at 25°С). 


E, = Ез + 

where, the term E}, Ej, Е,, £5 and the numerical factor 0.059 have their usual meanings. 

Thus, in the net reaction, the system-1 is the oxidant couple and the system-2 15 the reductant 

couple. When the two redox systems react and an equilibrium is established, the electrode 
potentials of the two systems become equal, е, 





E, = E 
^ (059 [Dx] = 0.059 [Ох › | 
ME + — Red] = Е; + 10810 f Red. ] 


[Red,] 


0059 [Ох ] Red, | 
ог. (Ei - Ez) = n 19810 [Ox [Redz] 





or, (Ei E E>) = 0059 logio K 


Ej - E>) 
+ Miar ; 0.059 





1 - Es |/0059 ù 
Pus oA з 00% _ |0"5Ё°0059 


where, E? and ES аге the sterihiometric standard potentials of the oxidant and the 
reductant couples respectively. 
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For practical purpose, it is often useful to calculate the equilibrium constant (K) using the 


formal potentials (Ef and Ej) applying the relations of the types: 


‚„_ m(E| -E3)  naE/ 
юше К = 59 = 0059 


af / 
, mE, -E5 V ü059 „АЕ / 110159 
y K = 10) | ! = 10" 


where, Е; and Ej are the formal potentials of the oxidant and the reductant couples 


; | f of | : 
respectively, The formal potentials (E; ‚ E5 | are defined interms of analytical concentrations 


(c's) of the components of the redox couples: 











| “ 0,059 en 
E, -; Ej + login * 
“Ке 
f . 0059 
E, = Е; + я logio EET 


Thus, formal potenlials (E^) are the standard potentials when both the components, oxidant 
and the reductant, of a redox couple are at their analytical concentration of | mol.Jir', (i.e., 
! M). 


Equilibrium constant (К) of a generalized redox reaction, 
mOx, + nRed, = пОх, + mRed, 
may be defined according to, 


_ [0х '[Red,]" 
т [Ox] [Red;]' 
The above overall redox reaction involves two redox systems, each involving different 
number of electrons: 
System-1 Ox, + ne = Red, 


"00591, {Ox} 
Е; = Е; + n logio [Red,] (at 25°С) 








System-2 Ox, + me = Red, 


е 00591, [Ox2] 
Ез = Ез + ^m 19810 Reda] (at 25°С) 


At equilibrium, E, = Е, 
e E, * 9059 loe, UN = E; * 9999 logis TEA 
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Multiplying both sides of the equation with mn and simplifying one obtains, 


et oe п 
mn{E а E>) = 04059 login AL. | [Red ]" = (1.059 lovin K 
[Ox, " [Red; |" " 
[Ox,] 1 ) 


nmn 


mn Ey A E>] 
0.059 
or, К. = onm E, -E2 )/0.059 _ | nE" 0.059 


logio Ken - 


For practical purpose, it is often convenient to calculate the equilibrium constant (К) 


in terms of the formal potentials (Ef and Ej) using the relations, 


mn{E ў ES) - тплЕ! 


log K ain = (1059 ES 0.059 


/ f 
mnl E+ -ES 170.059 f 
[ 2 | i 


instead of the stoichiometric standard redox potentials (E; and Е; ). 


The magnitude of the equilibrium constant of a reaction directly gives the feasibility and 

also quantitativeness of a reaction, although it says nothing about the speed of the reaction. 
(i) Limiting values of equilibrium constants of redox reactions in aqueous solution 
Equilibrum constant К, of a generalized redox reaction, 


mOx, + nRed, = nOx, + mRed, 
may be expressed interms of the formal potentials E| and Е} of the two interacting redox 


couples, Ox,/Red, and Ox,/Red, respectively according to the relation, 


f ef 
is N -E$ \/0.059 qa 0.089 
mu 7 


For a simple system with m =n = 1, the equilibrium constant K is given by 


Ez itt -Е} )/0.059 _ |05Ё/ /005%9 


Most redox couples existing in aqueous media (cf. redox stability field of water, Fig 2.3) 
have their E/ values within the range: *1.23V in acid medium ([H*] = 1M) to -0.828 V in 
basic medium ([DH7] = 1M). Thus, the differences between the formal potential values of the 
interacting redox couples will be as narrow as around 2V. Considering an extended range of 
potential difference from +2V to -2V, the eqilibrium constant (К) for one electron (л = 1) 
transfer redox reactions in aqueous solution will range from _10%# to -1074. 

AEV) +2 +1 0 -l -2 

K 1091 19" | i07 1074 
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(ii) Minimum value of K for quantitativeness (i.e. feasibility) of redox reactions 
Consider the generalized reversible redox reaction, 
mOx, + nRed, = nOx, + mRed, 
If the reaction is to proceed up to 99.9% at equilibrium, then the value of the equilibrium 
constant, K, should be, 
к = Ox [Red,]" — (999)" > (99.9) _ (100) x (100)" _ sien) 
[Ох |" [ Red; ]" (0. x CON)" (04) x (0.1)" 


The difference in the formal potentials (Ei = E; " AE! } of the two redox couples, 
Ox,/Red, and Ox,/Red, is related to the equilibrium constant K according to, 


0.059 log К,,, | V 


[Ei с Е; | = AB! = | mi 


For a system with m=n=1, К = 10° © loggK = 6 
2E ы (Sm - 0354 V 
For a system with m = 2, п = IK = 10° +. logK = 9 
AE = — Ž V = 0266 V 


For system with m = 5, n = 1K = I0'5 - logK = 18 


. 0.059 х 18 


/ 
‚ АЕ X 


Vz0212 V 


Examples (2.40) 

(1) Formal potentials of the redox couples Fe?*/Fe^* and C l,/2Cl at 25°С are + 0.77V 
and +1.36 V respectively. What redox reaction do you expect between these two couples? Is 
the reaction feasible? 

Since E'(CI,/2CI^) > E/(Fe?*/Fe?*), the oxidant (СІ,) of the CL,/2CI- couple should oxidize 
the reductant (Fe**) of the Fe?*/Fe^'* couple and the overall reaction should be, 


Cl, + 2Fe** = 2Fe* + 2Cr 
Number of electrons transferred in this reaction is 2, 
Cl, + 2e = 2Ch Ef = *1.36V (oxidant couple) 


Fet + 2e = 2Fe?* E{ = +0.77У (reductant couple) 





The equilibrium constant (K) of the reaction may be defined as, 


[Cl (Рег)? 


A tentative estimate of K may be obtained from the formal potentials (E) of the two 
interacting redox couples: 


f, "AL. E/rp,3* 2+ 
log, K = 2ДЕЛС /2СГ) - EFE Fe) 


0059 
_ 2[1136-077] _ 
— aS > = 20 
+ К = 1020 


Since, К 15 very large, the reaction is feasible and goes almost to completion. In qualitative 
inorganic analysis Fe** ion may be oxidized to Fe** ion by Cl,-water. Addition of NH,SCN 
to a solution of ferrous salt does not produce any red colour. If a few drops of Cl, - water 
is added to the solution of ferrous salt, Fe** is oxidized to Fe?*. After boiling off the excess 
Cl, from the solution, if a few drops of NH,SCN is added, a blood red colouration due to 
the ferric complex, Fe(SCN)"* is produced. 


(2) Formal potentials of Cr,O5/ 2Cr^* and Br,/2Br- couples in 1 (M) acid medium at 25°C 
are 1.33 V and 1.09 V respectively. Test the feasibility of oxidation of Br by Cr,05^ ion 
under this condition. 


The two half-cell reactions are: 


Cr,037 + 14H* + бе — 2CP* + 7H,O E/ = +1.33 V (oxidant couple) (n = 6) 


Br, + 2e > 2Br E/ = +1.09 V (reductant couple) (m = 1) 


Atomically and ionically balanced equation of the orverall reaction is obtained by 
multiplying the Br,/2Br^ half-cell reaction with 3 an adding with the half-cell reaction of 
С05- / 2Сгі* couple in the manner, so that the number of electrons cancel out from both 


sides of the overall equation: 


Сп027 + I4H* + бе > 2CP* + 79,0 Ef = 133 V 
зх [ 2Br — Вг, + 2e] EJ = 1.09 V 
„сњо + MH* + 6Br > 2CP* + 3Br, + 7H,0 (Ef .- EL) = 0.24 V. 
Note 


(i) E for the 2Br-/Br, oxidation is the negative (-) value of the EB’ of Br,/2Br redox couple. 
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(ii) Ef values are not multiplied in balancing the chemical equation of redox reactions. since 


electrical potential is an intensive property, which does not depend upon the amount of the 
substances. 


Now, 


mmE| - ЕЗ] 








logio K = —" 059 
_ (1)(6)[133 - 1.09] _ (6024) _ (6024) |. ., 4 
= 0.059 0.059 0.06 = 
"Ке 1074 


Since, К is very large, the reaction is feasible. 


(3) Aerial oxidation of ferróus salts in acidic medium may be represented by the reaction, 
AFe?*(aq) + O(g) + 4H*(ag) > 4Ее? (ад) + 2H,0(T) 


How far is this reaction feasible? [Given: formal potentials of Fe**/Fe** and O,/2H,O 
couples in 1 (М) acid medium at 25°C are: *0.77V and + 1.23V respectively). 
О, + 4H” + 4e ә 2H,0 Ef = +1.23V, n = 4 (oxidant couple) 


Fe?* 2 Fe + ¢ EJ = 77V m = | (reductant couple) 


f ouf | | 
mnt E; - Ey] (14)(123 = 0.77] = 
login = —"ggsg = 0.059 = 314 
OK = 10312 = 1.5810)! 


Since the value of the equilibrium constant is very large, the reaction is feasible. But the 
reaction is extremely slow because of high energy barrier to reduction of O, molecule which 
is a biradical. In fact, solution of ferrous salts in acid medium are stable to aerial oxidation 
and may be prepared and preserved in the laboratory without much precaution. 

(4) Calculate the equilibrium constant of the reaction for oxidation of Fe?* ion to Fe?* 
ion by MnO," ion in I/M) acid medium. [Given : E/ values of MnO,-/Mn?* and Fe**/Fe** 
couples in 1(M) acid medium at 25°C are +1.51 V and + 0.77 V. respectively.] 

The two redox couples are: 


System-1 — MnO, + 8H* + 5e — Mn?* + 4H,0. 
Ef = 1,51У, n = 5 (oxidant couple) 
System-2 Fet +e Fe* 


E/ = +0.77 V, m = | (reductant couple) 
The overall reaction is, 
MnO,” + 8H* + SFe?* = Mn** + SFe** + 4H,0 


> 
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2+ 3+ 15 
The equilibrium constant, К = Mn’ J[Fe 
(Мао J[Fe^* рүн? 
In terms of formal potentials, 


К = 197m Ef -E$ )/0059 


= }|((!$)[!1.51 - 07790059 49627 = 5 15 x 1062 
The reaction goes almost to completion, since K is very large. 


(h) Variation of Formal Potentials as a Function of pH 
Formal potential of the ferricyanide-ferrocyanide redox couple shows wide variation with 
pH. The half-reaction for the ferricyanide-ferrocyanide couple is, 
[Fe(CN)2-] +e 3> [Fe(CN)A ] E° = 0.36 V. 


The Nernst equation for this couple, using the formal potential at 25°C may be written 
as, 


НЕЧЕ 
CN 

SE gg —— 

[Fe CN} V [Fe(CN)s ] [Fe CN" | 


where, C and C are the analytical concentrations of [Fe CN у] апа 


[Fe( CN ] [Fe(CN)g ] 

[Fe(CN)?" ] ions. In acidic solution [Fe(CN); ] ion tends to be associated with protons - 
[Fe(CN)4] + H* = [HFe(CN)2” 

_ [H* J[Fe(CN)s ] 


KH 
І | DZ 
[HFe(CN)s | 


-5 
жа 0586) 


^. [HFe(CN)2} = есм) 
і 


[НЕе(СМ№) ё] + н? = [H3Fe(CN); ] 


— ji 
KH = [H^ J[HFe(CN)s ] 


sf -1x10* (25°С) 
[H;Fe(CN); ] 


| — zo Ht? 2 xdi 
~ [H5 Fe(CN)? I= P (HC | = xr FCN | 
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nce C is the total analytical concentration of ferrocyanide ion, so, mass balance 


[ксы 
equation for the ferrocyanide species in acid medium will be, 

2 4- ant Я 
C rest = (РСМ 1 + 1НРЕ(СМ)Ь ] + [Ha Fe( CN); ] 


= [Fe(CNY*- | Н], [H+] 
Кен (id ЫА 


= (Fe(CN) Ја | 


a ; 
= Fe(CN 
t [Fe(CN)d |= [ * | 


+ * 
where, onis dla Iu] 


ки күк» 
The term, a, represents the pH dependence of concentrations of various ferrocyanide spices. 
Because of smaller anionic charge, proton affinity of ferricyanide ion is much lower than 
that of ferrocyanide ion. As such, the equilibrium concentration of ferricyanide ion in dilute 
acid medium may be assumed to be equal to its analytical concentration, i.e, 
(Ре(СМ т] = C \не(С т) 
Nernst equation for the ferricyanide-ferrocyanide couple involving the equilibrium concen- 
trations of the oxidant and reductant species 15, 


J- 
0.059 [Fe(CN)s 1 
+ logio 0 Fe(CN)? ] (at 25°C) 


Substituting the above values of the equilibrium concentrations of [Fe(CN); ] and 
[Fe(CN)§"] ions in the Nernst equation, one obtains, 


= EiFe(CN Yd Fe(CN] 


А2 6" Frac урысы t 9 оС fai 











where, E^ — 
[РС V[Fe(CN)A7] —— (FetCN)2" [Fel et] + 0.059 log a 


d 


T EST S V[Fe( CN) A | 
= (0.36 + 0.059 log a) V at 25° C 


* 0.059 log a 


in dilute solution. Here, is the formal potential of the 


E/ 
[Fe(CN)d- J/[Fe(CN yA” ] 
[Fe(CN Fa ] / [Fe(C МТ] redox couple. 

Now the pH dependence parameter ‘a’ at different pH values may be calculated using the 
ionization constants of H>Fe(CN)¢~ and HFe(CN); ions and pH of the solution. Substituting 
the value of loga in the above equation we obtain the formal potentials of the 
[Fe(CN үг] / [Fe(CN)4" ] couple at different pH. 


Ky =5 х 10° ркі = 43 
ку = 1х 10° ^ pK} = 3.0, . pK! + ркі = 73 
н] 
Now, K" = Inverse log( pK” - pH) = Inv.log(4.3 - pH), 
2 
[H* ] 
KKH = Inverse log( pK" + pK} - 2pH) = Inv.log(7.3 — 2pH) 


, 
Calculated values of log a and E^ 


at some ified pH values ar 
[Fe(CN V[Fe(CN A ] specified pH values are 


listed below: 
pH () | 2 3 4 6 8 10 
log а < 43 ЮЗ 199067105 00! 0—0 
Е/ (V): 079 067 055 046 039 036 036 036 


[Fe(CN)2" ресс) 


It is seen that the ferricyanide-ferrocyanide couple becomes stronger oxidant in acidic 
solution and serves as a mild oxidant or almost as a reductant in neutral or alkaline medium. - 
In the pH range 0 — 8, the redox potential of the L,/21" couple (E? = 0.53V) is independent 


of pH of the solution. The formal potentials of {Fe(CN} V[Fe(CN)$ ] couple above pH 2 are 
lower than the E° of L/2I- couple. But at pH less than 2, the formal potentials of 
[КС V [Fe(CN)S ] couple fairly exceed the E? value of 1,/217 couple, and as such, 
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[Fe(CN 27] ion oxidizes I~ to liberate l, in acid medium. Thus, if both I^ and [Fe(CN)?" ] 


radicals are present in a sample, |, may be liberated if the sample solution is rendered strongly 
acidic or the solid sample is treated with acid, since ferricyanide ion is always associated with 
its conjugate reductant, ferrocvanide ion, in whatever small amounts. 

pH dependence of redox potential is particularly important for the redox couples involving 
oxocations or oxoanions, in Which the oxidant and the reductant components contain different 
numher of oxygen atoms or the oxidant component contains one or more O-atoms but the 
reductant component does not contain any O-atom. 


Examples (2.41) 
(1) VO,.H*/VO?* Couple* 


VO," + AH' + e = VOY + 2H,0 E" = 0,92V 
- +4 
E = Е®' + 0059 logio СДН Г 
[VO^*] 
E = E” + 0.059 log, [H*]* + 0.059 | ae 
; 10 | : °F rvo?*] 
C oT 
. E= Ef + 0.059 log ——— 
Cita 
VO 


For a system in which C Vo; * Со? 


E = E! = (E" — 0.059 х 4 p[H])V = (Е° — 0.236 pH)V 
= (E° — 0.236 p[H)V . 
in dilute solution. 


Taking E*(VO.^, H*/VO?*) = 0.92V, the calculated formal potentials of the couple at some 
spiecified pH values are listed below: 


РІН) 0 | 2 4 6 
B^ (V): 0.92 0.684 0448  -0024 -0.496 
VO3 / VO** 


Thus, the VO,~, H*/VO?* system becomes more and more reducing in nature with increase 
of pH. 


(2) 004°, H* / U** Couple* 
UOj* + 4H* + 2e > U** + 2H,0 E° = 0.33V 


* Rare elements 


A: 
| 1138 





The Nernst equation for the couple is, — 


E = E°" + 2059 io [UO} н?р 
[U^] 


[UO2*] 


x 4log[H* ] + 0039 og — 2 2 
[U 7] 


E - СО! , 0.059 
Е Ex 


UO$* 
= E?" — 0,118 р|Н] + 0.0295 T 


C 2s 
= E/ + 0.0295 log 02 
Сн 


For a system in which С 4, =C , 
U Ut 


03 


E = Bf = E" — 0.118 p[H] = E° — 0.118 pH 


Calculated formal potentials of UO;*, H* / U** couple at some specified pH are given 


below: 
p|H] 0 | 2. 
E'UOI*/U**(V) : 0.33 0.212 0.094 


(3) MnO,, H*/Mn?* Couple 


4 
-0.142 


The half-cell reaction of the (MnO,', H*/Mn?*) couple in acid medium is, 


MnO,” + 8H* + Se zx Mn? + 4Н,0, 


Assuming that the reaction is rapid and reversible and no intermediate oxidation state of 
Mn between MY" and Mn" are stable, the Nernst equation for the couple may be written as, 


Е° = 





" nO; ин? 
Ба 21:09 ДМ; | | 
Мад /Mn j [Mn**] 

E" 0.059 ну, 0059, sind 
"EwogMi* * 5 posso. ale wg 75 Mn 46] 
m [МО] 

| 
E корла” ~ 0.0944 p[ H] + 0.0118 log — 
C aos 
sE/ , + 0.0118 log ———— 
мом? Cut 








мао; /Mn 
= E мо; /Ma?* + 0.0944 log, 
ү Ч АА о Т 

For a system in which “no; Mn 

zR 

8 мо; м2+ 
Тһе E, — values at different H* ion concentrations show how the oxidizing power 
4' "n 
of MnO; ion is decreased on lowering the H* ion concentration of the solution. 

Cu On 2 1|. OS 1| 00 104 
Dp P Б - | 2 E 6 7 


- паа 1.5 T ESI- 14g 9° 4395 094 5 085 


Such a wide variation of formal potential provides scope for selective oxidation of individual 
components of a mixture of oxidizable substances. As for example, the E? values of the halogen/ 
halide couples are : 

CL2CI- Вг,/2Вг- L,/21- 

E*(V) : 1.36 1.09 0.53 

Thus, in neutral solution (pH 6-7), MnO, can oxidize iodide to liberate iodine, but not 
bromide or chloride. Around pH 2-3 (acetic acid medium) it can oxidize both bromide and 
iodide but not chloride. In strongly acidic medium ({H*] = 1 ~ 2 (M)]) MnO, can oxidize 
chloride to liberaté chlorine. 

. (4) Cr,0F, H'2Cr*. Couple 
Considering the half-cell reaction, 
боо} + 14H? + бе = 2Cr* + 7H,0, + E*-133V 


Ау С р i - . " uc 29 р 4 | 2 : å Ja t "Fus d ar* JQ : " NES 
às rapid and reversible, the Nernst equation for the Cr;05^ , H'/2CP* — 
ndn rr^ We v A MEE d acil, 56, ete е Oe dr PEN mo oe Ка, ein - 
LA © fe J - = ы 
- а p d == a | А т 4 








ра ВЈ 0059 Ceno? 


C057 race ^6 BI C? 
5 C?* 


For a half-cell consisting of со? - VOI), Cosy 1 (M), 


Б». л, 
C03 /2Cr* 





wh f - jg" |, 0059 
S Pono? ace о-ой te Cogo 


= Formal potential 
In dilute solution, 


| o v 
enol cp T E eno) nc?* t — 14 login C,, 
= E/ 0.138 login C 
E nol" ce ovem ag gis 
(1.33 + 0.138 log с )У 
H 


= (1.33 — 0.138 p[HV 
Calculated formal potentials of the ОБО"; H*/2Cr^* couple at some specified Н” ion 


concentrations and p[H] values (neglecting the acid-base equilibrium : 
Cr;03- + H,O = 2HCrO, = 2H" + 2CrO$ ) (p. 420) are listed below. 
C CO) | 2 j^ 16s ^04' 001 10 
-p[H] - | 2 3 5 7 
E/(Cr,03 / 2Cr**),(V) : 137 133 129 119 105 092 064 036 


Thus, CrO: can not oxidize iodide in neutral solution (pH 7) but it can do so in acidic 


medium. In weakly acidic solution C,,« > 9! ( M) it can oxidize both bromide and iodide. 
it can oxidize even chloride in strongly acidic medium (cf. E^ values of halogen/halide couples 
given in Example - 3) above. 
(5) H,AsO,/H,AsO, Couple 
The half-cell reaction for the As(V)/As (III) redox couple is 
H,AsO, + 2H* + 2e = H,AsO, + H,O Е° = +0.56V. 


[nn] 





The Nernst equation for the couple may be written as, 


„0059 [H3AsO,][H* ; 
Ez —— log во IAO] _ (at 25*C) 


H3AsO 
= E°'+0,059 log; o[H* ] + 0.0295 logio UNUS 


= E*'-0059 p[ H] + 0.0295 logo —— 





Cy 
= E^ + 00295 logo — — 
H3As03 
where, E^ is the apparent formal potential, assuming no deprotonation of H,AsO, and 
HAsO), 
But both H.AsO, and H,AsO, are weak acids. In the working p[H] range, H,AsO, ionizes 
as a triprotic acid, whereas, H,AsO, ionizes as а monoprotic acid. The pK" values at 25°C 


are: 
H,AsO, H,AsO, 
pK} pK} pk} pK" 
295 " 677 11.40 922 


Therefore, in aqueous solution the mass balance equations of H,AsO, and H,AsO, will 
be, 


Сиулзо = [H3A50,]  [H5As0; ] + [HAsO] ] + [А047] 
Снулзо; = ЇН;АзО;] + [Н;АзО; ] 








no hx f. WS см 
EAM Pedir i ep Жал ` dU Im cvm. O 


"Bas 1! T үг "d EM А — iw - 4! I ‹ — | | А ГТ af Е E »w +“ L - Ё * 
PI ae < {7 4 rt А 145074 - | А | 





НАѕО{ = H* 


[H* [А5047] 
[HAsO"] 
As the magnitude of the deprotonation constants are all low, the major As (V) containing 


species in acidic to neutral solution will be the H,AsO, (major), H AsO, (minor), НАЗО 


Н _ J -12 
Кү = = 4 х 10 (25°С) 


and AsO, (only traces) Therefore, it will be convenient to express the equilibrium 
concentrations of deprotonated As(V) species in terms of the major protonated specics H,AsO,. 


For similar reason, the equilibrium concentration of Н,АѕОз may be expressed in terms of 
that of H,AsO,. Thus, 





н : 
ско, "њон" — ЭН 2 


= [Н;АѕО, J(a) 


H 
СнзлзоОз = [Н;А$О; | í + < = [H,AsO, (^) 


where, ‘a’ and 'b' are the p[H] dependence parameters of H,AsO, an Н AsO, respectively. 
‘a’ and 'b' may be calculated for any p[H] using the values of the deprotonation constants 
with the aid of the following relations: 
Kt КК X $35 ‚ Куку KT 
[wr] WT — WT 





а= |+ 





р= 1+ к" 
[H*] 
The terms on the R.H.S. of these equations may be evaluated from the рК! and p[H] 
values by the following procedure. 
For H,AsO,: 
H 
— 
(Н?) 
4, 
[H* 


= Inverse log[p[H] - pK? ] = Inv. log (p[H] - 2-25) 


= Inverse log [2p[H] — (pK + pK) 
= Inv. log[2p[H] - (2.25 + 6.77)] 
= [nv.log (2p[H] - 9.02) 
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кокк" 
St = Inverse log [3р[Н] - (рК + рК] + pK] 





[H+] 
= Inv. log [3p[H] - (2.25 + 6.77 + 11.40)] 
= Inv. log (3p[H] — 20.42) 
For H,AsO,: 
gH 
[H*] ^ Inverse log (p[H] — pK") = Inv. log(p[H] — 9.22] 


If the values of 'a' and ‘b'at a particular p[H] are known, one may calculate the equilibrium 
concentrations of H,AsO, and H,AsO, using the equations: 


C L 
[H3As0,] = —— 


Caso 
[H,AsO,] = аА. 


Substituting these values of [H,AsO,] and [Н,АѕО, | іп the Nernst equation, one obtains 
the formal potential (E^) of the As(V Y/As(III) couple at that p[H]. 


Снулзо; là 
CusAso; / b 


0.059 
E = E” — 0.059p[H] + —5— 10810 





C 
= [E*'-0.059 p[H] 0.0295 log(b / а)} + 0.0295 lo 224. 
Снудѕоз 


С 
= E/ + 00295 ор + 

Снзлѕоз 

where, E’ is the true formal potential taking account of deprotonation of H,AsO, and 

. H,AsO, and it is given by the relation, 

E! = E* — 0.059p[H] + 0.0295 log (b/a) 
= E° — 0.059 p[H] + 0.0295 log(h/a) X (in dilute solution) 
^ Bf = E^ + 0.0295 log (Ма) 


E^ and E/ values of the As(V)/ As(III) couple at some specified H* ion concentrations 
and specified p[H] values at 25°C, calculated using the log(4/a) values under these conditions, 
are listed below: 


1144 | 





Cu«(M) ин] log(b/a) E/(V) EV) 


9 әз ~) 0.62 0.62 

6 * ~) 0.61 0.61 

4 * ~0) 0.60 0.60 

2 з ^ 0.58 0.58 

| 0 -0.0026 0.56 0.56 

0.1 | -0.024 0.50] 0.500 

0.01 2 -0.193 0.442 0.436 
4 -1.76 0.324 0272 
б -3.75 0.206 +0.096 
7 —4.75 0.147 _0.007 
8 -5.75 0.088 -0.082 


The influence of deprotonation equilibria of H,AsO, and H,AsO. on the formal potentials 
of the As(VYAs(III) couple in acidic solution (C > | M) 15, however, quite small, since 


both are weak acids and are only poorly ionized in acidic and neutral p[H]. The major contributor 
to the variation of formal potentials is the variation of H* ion concentration (i.e. p[H]) of the 
solution, as 2H" ions are involved in the half-cell reaction. 

Such variation of formal potential (E^) of H,AsO,/H,AsO, system (calculated ignoring 
the deprotionation constants of HAsO, and H,AsO,) forms the basis of qualitative detection 
of arsenic by reversible redox reaction with L2] couple. If a neutral or faintly alkaline (pH«9, 
sodium bicarbonate solution, pH ~8.4) solution of arsenite is treated with a blue starch-iodine 
solution, the blue colur is discharged as iodine oxidizes arsenite to arsenate [E (H,AsO,/ 
H,AsO,) at pH ~8.4 is = 0.09 V, whereas, Е°(1,/217) = 0.53V] and itself is reduced to iodide. 
On rendering the resulting colourless reaction mixture strongly acidic with HCI, the blue colour 
is restored as H,AsO, oxidizes iodide to iodine and itself is reduced to HAsO, [E (H,AsO,/ 
H,AsO,) at 9/M) HCI is 0.62V, whereas, E*(L/2I) = 0.53V]. On adding drops of concentrated 
solution of NaHCO.. the blue colour is again discharged. The test may be carried out on a 
filter paper strip as well (cf p. 269). 

(6) 2BrO,"/Br, and 210,7/I, Couples 
Assuming reversible half-cell reactions, 
2XO,- + 12H* + 10е 3> X, + 6H,0 
(X = Br, П) 

[E*(2BrO, /Br;) = 1.52V and E*(210, /L) = 1.19%], the Nernst equation for these couples 

may be written as, 
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© 


E Ее 0527 logi [ХОЗ l'[H*]" (at 25°С) 


(since, X, = Br, (pure liquid), I, (pure solid)) 
Both НВгО, and HIO, are fairly strong acids and remain completely deprotonated as BrO,- 
and IO, ions respectively in the entire working range of pH. So their unionized forms (HXO.) 
are not involved in the redox equilibria. 


Е = Е°'+ 9059 top гң*]!2 + 0059 tog хоз} 
Ves 10 
= (E* – 0.0708 p[H]) + 0.0118 log[XO,] 
= R/ 012 
Е! + 0.01 BC o; 








where, Е/ is the formal potential and C: is the analytical concentration of ХО, ion. 
NO} 


Here, E/ = E” — 0.071 p[H] = E? — 0.071 p[H] (in dilute solution). Calculated values of formal 
potentials of 2ВгО, /Br. and 210,~/1, couples at some specified p[H] values at 25°C are listed 
below: 
Ef = (E? — 0.071 pH) V 
2XO4/X, (E°V) p[H] 0 | 2 4 6 7 8 
2BrO; /Вг, 1.52 1324. 145 138 124 110 102 055 
210,11, 1.19 1.19 112 1:05 091 077 069 0,62 


Both the oxy anions, BrO, and 10,7, are oxidizing agents and their oxidizing powers 
increase with decreasing p[H]. In neutral solution BrO,- can not oxidize bromide to bromine, 
[E'(Br,/2Br) = 1.09V] but iodate can oxidize iodide to iodine [E°(1,/217) = 0.53V] even at 
neutral pH. Thus, if an inorganic mixture contains both BrO,- and Вг”, the test solution remains 
colourless so long it is neutral, but turns brown on acidification due to liberation of Br,. In 
qualitative inorganic analysis, many reactions require acidic test solutions, particularly in the 
tests for detection of anion radicals. If BrO, /Br and/or 10,-/I- mixtures are present in the 
sample, on acidification of the aqueous or sodium carbonate extract, the solution turns yellow 
brown due to liberation of Br, or, turns dark brown due to liberation of 1. 

This is how ВгО,-/Вг and IO, mixtures interfere in quatitative inorganic analysis. The 
problem may be easily orvercome by reducing BrO," and or IO." by gentle boiling with a 
little SO,- water, which reduces these oxyanions to harmless halide ions: 


XO, + 3H,SO, > X- + 3503- + 6H* 

Excess SO, has to be expelled by boiling the solution before proceeding to tests for the 
other radicals. Note that, through this operation, X- and 5027 ions are introduced into the 
solution. Bromate may also be reduced to bromide by digesting with sodium nitrite, 

KBrO, + JNaNO, = KBr + 3NaNO, 


| 146 | 





(i) Variation of Formal Potentials due to Complex Formation 
(i) Fell /Fe!! Couples 


Formal potentials of analytically important ferric-ferrous couple shows wide variation due 
to complex formation. 


In acid medium ([H^] > 1M), the ferric-ferrous couple is represented by the half cell reaction, 
Fe^*(ag) + e = Fe? (ад) E? = 0,77V 


That 15, the formal potential of the Fe^*/Fe?* couple under this condition is independent 
of H* ion concentration. 

At lower acidity, however, the formal potential of the Fe?*/Fe?* couple depends upon pH 
of the solution, as the system is dominted by the hydroxo spicies, Fe(OH),, Fe(OH), etc. 

For simplicity, the variation of formal potentials of Fe**/Fe?* couple in presence of 
complexing ligands may be considered in sufficiently acidic ([H^] > 1 M) medium, so that 
hydroxo species are not involved. 

In the presence of a complexing ligand, say (L), which may form complexes with both 
Fe?* ion (Ее!!!) and Fe?* ion (Fe), the formal potential depends upon the relative stabilities 
of the two complexes. If the ligand (L) forms only one complex with both Ее!!! and Fe", 
according to the equilibria, 

Ее!!! +1, :* Ее!!(1,) 


NC TEE 
Fell + L = Ве!) 

_ [Ее (0) _ [Ее co] 

F [Fel ](L] š Cpu [L] 
where, Cm and Cu represent the total analytical concentrations of Ре!!! and Fe" ions, 
К and K, are the stoichiometric stability constants of the complexes [Fe!"(L)] and [Fe"(L)] 
respectively. Charges are omitted for simplicity. The approximations, [Fel] = С çalt and [Ее!!] 
= Соп аге acceptable when the complexes Fel'(L) and Fe'(L) are not very stable, i.e, Ki 


are K, are not very large. Now, in presence of the ligand (L) the total concentrations of Fe!!! 
and Fel ions become, 


Chom = [Ее (И.К) 
Сып = [Fe'(D)AIL]-K,) 
The Nernst equation for the electrode potential of the Felll/Fe!! couple (at 25°С) may be 
written às, 
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C, Е 
E. Ш gll = "E, Ш, + 0.059 logy C. 


Hi 
| Fe (L)|K 
C РГС 


[Fe" (ЫК 
" E = (E + 0.059 lo ы iL | +00 059 og E ФУ] 
Fel ур lll pel 810 Kin [Fe" (L)] 
which appears to be the Nernst equation, 
Fe!!! (L)] 
Fe!!! Fe! [Ее cy el 1] og [Ее L)] 


for the complex redox couple, 


[Fe (L)] + e = [Fe"(L)] 


where, + 0.059 log al 


f f 
E zE 
(Fell ccr eel c] Fel! Fe li 1 


B UR is the formal potential of the Ее Ее! system in presence of the 
complexing ligand (L). 

Thus, the formal potential of the Ее!!!/Ее!! couple, in presence of a complexing ligand (L) 
that forms complexes with both Ре!!! and Fe" ions, depends upon the ratio of the stability 
contants of the [Fe''(L)] complex to that of the [Fe (L)] complex. If the Ее!!! complex is more 
stable than the Fe! complex (Кү, > Ky), formal potential will decrease and if the Fe complex 
is more stable than the Ее!!! complex, formal potential will increase: 


Kin > Ky: E/ < E° 


шун P ga рей 
f © 
Rin € Ку: Енен > E pell pelt 


Examples (2.42) 
(1) (Fe! (phen)i' | / (Fe! (phen); "| couple 


In presence of 1,10-phenanthroline (phen), both Ее!!! and Fe" form 1:3 metal : ligand 
complexes: 


Ее!!! + 3phen = [Fe!(phen);] 


_ [Fe" (phen)] (Ее! (phen);] 
үке ]phen] ^ C, {phen}? 


СШ = [Fel (phen); (K,,.[phenP) 
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Fe" + 3phen = (Fe!'(phen),] 
" [ Fe" (phen);] » [Fe" (phen);] 
[Fe"][phen] С p [phen]? 
Сн = [Fel (phen); ЈК. [phen]*) 
(charges are omitted for simplicity) 
Grell, Kyl Fe! (phen)s] 
Ceol Кү[Ее' (phen);] 


The Nernst equation of the Fe!'/Fe'! couple in terms of formal potential is, 


E 





| A C, ell 


xt 
This is now transformed to, 
Де ! (phen)s] 


е 11 
” [Fe (phen)4] 


K 


| i] 
= E/ if i + 0.059 logo шша! | 
[Ре (phen); [Fe (phen), | [Fe (phen); | 


The above equation now corresponds to the complexed redox couple, 
[Fe"(phen).] + e = [Fe'(phen),] 
of which the formal potantial is, 


K 
f =E + 0.059 log, =+ 
regt ione Viel hens] Fell ge "Kw 


In 1 (M) H,SO, medium, E in m 0.68V and the ratio of the two stability constants 


Ku. = 28x 10° 
Ку 


That is, the [Fe'(phen),] complex is 2.8х10° times more stable than the [Fe"\(phen),) 
complex. Under this condition, the formal potential of the system will be, 


soa a! to aien oSv + 0059 log 28 x 10°V 
й Dei 
dun ES ient (phen)3] 
ИТ = 1.06V, 


ғ ! | .,! . Д 
ниг! (tau {ЛД 17:11 i 


1191 





Thus, the formal potential is increased from 0.68V to 1.06 V in presence of the phen ligand, 
which forms more stable complex with Fe! than with Fe!!! 


(2) [Fe(CN); ]/[Fe(CN); |] Couple 

The cyanide (СМ) ligand, on the other hand, stabilizes Ее!!! state relative to Fe" state. 
Comparison of the E? values of Fe'/Fe! (40,77V) and [Ее (СМ), ]/ [Fe" (CN); 
(+0.365V) complex, gives us a tentative estimate of the stabilization of the Fe!" state relative 
to the Fe" state by the CN- ligand. For dilute solutions, ignoring the formation of hydroxo 
complexes by Ее!!! and Fe"! ions and protonated forms of CN~, [Fe (CN)? ] and [Fe(CN)? ] 
ions, we can relate the stability constants К and Ky respectively of the [Fe (CN)?] and 
[Fe (CN)3-] complexes with the E? values of Ее /Ее!! and [Ее (CN); ]/ [Ее (CN; ] 
couples according to the relation: 


а К 
: Ky. 
Etre!" coy tre! ced E еШ уре! + 0.059 logio Kin 


K 
+, 0.365 = 0.77 + 0.059 log Ku 
This gives, 
Kn ns 
— = 137 х 10 
Kui 


ie, Ky = 73 x 10° Ky 


which indicates the [Ее (CN); ] complex is 7.3«105 times more stable than the 
[Fe" (CN а complex. 


We can therefore, generalize the relation between the stability of complexes with the formal 
potentials according to the relation : 


E - E/ 0.059 , S Red complex 
complexed couple uncomplexed couple n Ko, — 
K Red comple: | "complered couple" Eincomplezed couple)! 0099 
Kox complex 
Examples (2.43) 


(1) In a buffer solution of pH ~5, the formal potential of Fe'"/Fe"' couple is +0.74У and 
that of Fe'(EDTA)-/Fe' (EDTA?- couple is +0.12У. Compare the stability of Fe'(EDTA) 
complex relative to that of the Fe" (EDTA)"- complex under this condition. 
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Let, Kj, = stability constant of Fell'(EDTA)- complex, 
Ки = stability constant of Fe'(EDTA)^- complex. 


The formal potentials of the complexed and uncomplexed redox couples are related 
according to, 





sf "f 0059, К 
D opa couple — D згрт couple T n lg EE 


For the present redox couple m = 1, therefore, 
0.12 = 074 + 0.059 log Ки 
Kin 


K © 
: xt = 19(012-074)/0059 _ =, , 9-11 


Thus, the Ре! (EDTA)" complex is —3.2х10!® times more stable than the Fe'(EDTA)"- 
complex. 

(2) Ratio of stability constant of Fe'!F™ complex to that of Fe''F* complex is 10°. How 
will the formal potential of Ее!!!/Ее!! couple change in presence of sufficient excess of fluoride 


ion in 1 (M) H,SO, medium? (Given : Е; шн = 068V in IM H,SO,) 
c c x 
The formal potentials are related to the stability constants of the complexes according to, 


Кыл, 
Е/ m, u + 0.059 log fe F 
Fe /Fe K ll e+ 





E/ = 
Fell p2* pe! Ee 


Кош, 
Since, d = 10 
Fell pt 
-Siy _ 
E/ m gre рдү, = (068 + 0059 log 10™)V = 0385V 
Therefore, the formal potential of the Ее!!!/Ее!! couple will decrease significantly under the 


given condition. 

(3) The ratio of stability constants of Ее (НРО, )* and Fe'(HPO,) complexes is 1047. What 
will be the formal potential of Fe'"'/Fe" couple in presence of sufficient excess of phosphoric 
acid in 1M H,SO, medium, if the formal protential of the couple is 0.68V in absence of 


phosphoric acid? 1 
Кр 

у - E/ 4 0059 log — — t. 

E re! PO, y/ Fe (HPO4) Fe!!! pel is K нро) 


= 0.68 + 0.059 log107*? 
= 0.3 V. 
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(ii) Cu''/Cu! Couples 

The effect of complex formation on the stability of various oxidation states of a metal 
is also evident from the variation of the tendency of Cu” ion to undergo disproportionation 
reaction in the absence and in the presence of a complexing ligand such as NH,, In absence 
of the ligand NH,, Cu” disproportionates according to, 


reductant couple 


oxidant couple 


The disproportionation equilibrium constant (K',,,,, where the subscript 120 means oxidation 
state +] disproportionates to +2 and 0 oxidation states, and the dash (‘) indicates concentration 


quotient) is defined as, 
[cw] 
[Cut] 


The above overall reaction may be splitted into two half-reactions, 


Ki 20 — 


Cut + e — Cu? E i jo, = *9321V 


АЕК = DAR ES + 0,059 log[Cu' ] 


Cu?* + e — Cut ТУРО = +0.153V 
E B. — — 
Су” /Cu* L Cu?* /Cu* $ ОБ [Cu*] 


'' At equilibrium, Е = Е 
pa Cu* /Cw* Cut (Cy? 


©! | F | 2+ 
- *1 r^ | Cu*^ 
^ E? eius + 0059 log[Cu*] = E — + 0.059 — | 


or 


Си Су 


ч се ICu? E Cutt cyt ооз 


(Е EG иеа BE viale. 0.059 log Күзу 


^K = 


In dilute solution and in the absence of апу. supporting ае Kio = Kj (ie the 
_ thermodynamic equlibrium constant), and E” = E°. Therefore, 
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À E. в" 
Кую = T Cu* /Cu*  Cu?* icy? J/aoss 
| 000.521 — 0.153y0.059 
= 10523 „ 1.73 х 106 


In presence of NH, ligand, b * 
у ligand, both Cu* and Cu?* ions form | : : 
complexes according to, the corresponding ammine 


Су" + 2NH, = Cu(NH3)5 Кү = — 
[Cu" ][NH;] 


^ [Cu"] = [Cu(NH3);] 
K,[NH;}° 


2+ JD 
т NH, = Cu(NHs)4" [Cv^* [NH; ] 
3 


[Cu(NH4)7*] 


+ [Cu**] = 
4 
Ky[NH3] 


Since the stability constants (K; and Кү) of both the ammine complexes, Cu(NH,); and 
Cu( NH 34* аге fairly large, so, in presence of NH,, the Cu*/Cu* couple will be transformed 
to Cu(NH;); /Cu* couple and the Cu?*/Cu* couple will be transformed to Сині) / 


Cu(NH)3 couple. Redox potentials of these two new couples will be given by E 
Cul NH3)5 /Cu? 


E Cu(NH3)$ /Cu(NH y) San чү 


24 is [Cu(NH3)5] 
E CuNH SVC talc 059 log K,[NH,}° 


| | | 


- (E Eu m 1 


- 


СС Т 0.059 log Кү) + 0.059 log 


| 3 
NT . [Cu(NH3)3 ] 
Ёсымнуу исо * 0059 log [NBSP 


which is the Nernst equation for the complexed couple, — 
Cu(NH4)5 +e = Cu’ + 2NH, 


83] 





where. E сыгын) /Cu* = E ut /Cu - 0.059 log Ky 
= (0.521 — 0.05910010'0%)У = -0.12V. 
4 
" Cu(NH4)4* / Kg.[NH,] 
а x isg ig ee шәй 
E Cu(NH3 d * /Cu(NH5)$ Ы ^x [Cu(NH4)$ / K [NH3] 
D + 0059 eee 0059 log С Di 
= суса" ^ Es] [Cu(NH;)3 J[NH;]? 
Cu(NH3)4" ] 
=E Я + 0.059 __ |СщМН;4 l 
Cu(NH3)3 (Cu(NH3)3 s [Cu(NH4)5 ][NH3]? 


which is the Nernst equation for the complexed redox couple, 
Cu(NH4)4* +e = Cu(NH3); +2NH; 


where, E E cyte cyt +0059 log к 


Cu(NH3]*/Cu(NH3 
10105 
= | 0.153 + 0.059 — | V = -001V, 
Since both Си?” and Си? ions exist as their ammine complexes in presence of NH,, the 
disprportionation equilibrium (1) is also transformed to, 


Cu(NH,)} + CuNH,j - CuNH,; + Ow —— " 





y 


D — ML аан 
A 4 Í т J ч Lh. é 7 
[n | p | = е ni | e^ - 
- \ LE E УГЕ 
„> jf 4 "ч. 
' 





[Cu(NH, j} У | 


+ 0.059 log 
(мн; 


Е i + 
Cu( NH3)3 /Cu* 


+ 
» [Cu(NH з) ] 
E Cu NH 12% /Cu(NH3)3 7 0527 108 


[Cu(NH3)5 [NH] 
[Cu(NH3)1* (мн, 


E. m = E. 4 = rr ж — — ——— 
Cu( NH 3)5 /Cu* Cut NH 3) /Cu( NH3)) [(Cu(NH3)5 МН  Cu(NH4)1] 


[Cu(NH; 4 ] 
[Cu(NH4)5 | 
= 0.059 log К,,, 


= 0,059 log 


[Е * E E 24 
Cu( NH3)5 /Cu* ‘Cul! -4 
+ Kg - 10 315 /Cu Сш МН) /Cu(NH3)^ ]/ 0.059 
* | 2 
* 101—012 ( -0.01)]/0,059 = 107° 


Since K 29 (107?) is much smaller than K 139 (173x105), the complexed Cu(NH,)3 jon 
is much less succeptible to disproportionation than the simple Cu” ion (i.e. Cufag)" ion). 

(ili) L/2I Couples 

Solubility of iodine (1.) in water at ordinary temperature is very poor. А saturated solution 
of l, in water at 25°C is ~ 1.33х 10-3 М. Consequently, two types of half- reactions are possible 
for the 1,/217 redox couple: 


(i) bag) + 2e = 2l (aq) Е, aya = 106197V. 
(ii) 1,68) + 2e = 21 (ag) E, aya = 054V. 


In a saturated solution of iodine in water, 1,(s) is in equilibrium with l,/ag), so that the 
electrode potentials of the above two couples may be equated: E, = E, 


° 0059, % _,* 0.059 | т 
FICTIUNE 2 log а? hs 1360/21 Ў 2 "B a 
[^ 


Activity of solid iodine I,/s) is taken as unity. 


. . 0.059 
E yai" M Е tapar VERS log 2i; 
t 0.059 i : 
x Е (ag) m-* 5 Іов Су, (for dilute solution) 
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* TA | АКА uo 
B our [0.6197 + 0. log (133x1077)]V 


= 0.5348V 
—— Ci = analytical concentration of l, in water.) 


‘Now, the ts a NIE of solubility of iodine in water in presence of soluble iodide (KI) 
due to the: formation of triiodide (1,") complex ion is well known; 


T] fag) * ag) e Ls (ag) 


K= L1G]. 700 at 25°C. 


oMa) 
gis п] E Katt) 
[Ih]. 
. П»]= KIT] 


It will be interesting to look into the change in the formal potential of L/21- couple in 
presence of a specifi ed concentration. of iodide ion. — 
| equilibrium concentration of Th) in in the Nernst e equation for the couple 
(Giwe obtain; 21) пот оц) alz sit odd нинин ДО кта OF sims 
sque ID. (ng 


| + 009 
оос 07030382 д Еф =E р) — == logo 


` 


idinon ye inan -an 10 £990 6 0i oi no 


^ (n (lo ннн To (ШИ 





P" | "s { | F ‹ * 15144 it | н 


a T h] 9! p A 371 Mil 
=|Е 2951 ТАТ. 
утета | Jata y gm oK) + Of EU UP + Gud (0 
* [Il ; 
. HB 37: ү! (ж 5 5 ae а! 


new жалин ans sheath tin) lo nodgulos. bist t * 
le дна ait Каин iwi senda off} 10 elaia abot 
£293 3 
"Wael 











If С - be the analytical concentration of I- ion, then the mass balance equation of I> ion 
will be, 


Cr 7 [F] * [l7] = (FO. + К) 
^ [17 СС - (0), 


А - __ |. 
А uk] 


1: IC ene LE 
— C=) = 700 
[V 1015] [1 1015) 
and [L,] = 1.33 х 10° M, (saturated solution at 25°C) 
Therefore, when C = (1 M 
(I-] = 0.0518 M and [17] = 0.0482 М 


рр 0.059 [13] 
e Eye Eris MUT NS B10 as 





= | 05357 + 0.0295 logi — 0482. | (y) 
(0.0518) 
= 0.611 V. 

The increase in the redox potential in this case is due to increase of in the concentration 
of the oxidized form of the couple, L,, form [L] = 1.33 = 107 M to [1,7] = 0.0482 M, in 
the form of the triiodide 1,7 complex ion due to its high stability constant. However, in presence 
of large excess of iodide (17) ion, the electrode potential of the couple slightly decreases as 


expected. Following the same procedure it may be shown that, if C 0.5M and 


[L] = 1.33 х 10? M (i.e, saturated solution of l, in water at 25°С). [Г] = 0.259 M and 
[7] = 0.24] M. 


. Бу =| 05357 + 002951og —231— | v = 0569 V. 
| (0259) 


(j) Variation of Formal Potentials Due to Precipitation 

Formation of sparingly soluble compounds. by either or both the components of a redox 
couple greatly influences its redox property, since the effective concentration of a component 
in the solution is significantly lowered due to its precipitation. When a sparingly soluble salt 
or a compound is precipitated from a solution, the solution itself remains saturated with the 
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compound. If the precipitated substance is an electrolyte, its ions remain in equilibrium with 
its solid phase. That is, the solubility product principle comes into play and the effective 
concentrations of the redox active components are also influenced by the concentration of 
precipitating agent. 

Consider a reversible redox couple consisting of two oxidation states of a metal, M"' and 
M'"-/^ for the sake of simplicity, 

M"* (ад) + её E М-ду) 

The Nernst equation for the redox potential (E) of this half-reaction in dilute solution will 

be, 


^ 
"+ 


M 
E = E? + 0.059 log, — | 
10 [M'^-P*] ett (1) 


where, E° is the standard redox potential of the half-reaction. In dilute solution, the activities 
of М" and M” !/* are almost equal to their equilibrium concentrations, [ ]'5. If this redox 
couple occurs in the presence of a precipitating anion (X^), which may form sparingly soluble 
salts MX, and MX, , with M”* and M'!* ions respectively, three cases may arise depending 
upon the solubility products of MX, and MX, ,, concentration of the precipitating ion 
(X^) and concentrations of the M"* and M'-!'* ions is the solution. 


Саѕе-1: Both MX, and MX, , are sparingly soluble 
The solubility equilibria of MX, and MX, , may be expressed as, 
MX, (s) M" (ag) + nX~(aq) 
(K,), = [M"*] [X] 
K 
+ [M"*] - ( — 
[X] 
MX, (s) = MU (ад) + (n-1)X~ (ag) 
(Kody = [Мех 


3 [Min | = 


Substituting these values [М] and [M'-"*] in the Nernst equation (i) for the 
M"*/M'"-!* couple one obtains, 


Е =| E? + 0.059 logi VA (V) 
(Ky), [X | 
и (Е? + 0.059[p(K...),. | - PAK,,.),] + 0.059p[X]] e (H) 
zz E/ 





MX, (s) + e = MX, (5) + Хад). 


which is established in presence of the precipitating ion X~. The magnitude of E’ is constant 
al a given concentration of X^ at a particular temperature. With increase of concentration of 
the precipitating agent X^, the magnitude of E^ will decrease. At а given concentration of X~ 
ion, the magnitude of E/ will increase if (K,,), > (Koda that is, when the oxidized form 
MX, is more soluble than the reduced form. On the other hand, if the oxidized form in less 


soluble than the reduced form, EK) < (К...) 
Example (2.44) 
(1) E°(Fe**/Fe**) = +0.77V. 
(к); = K,[Fe(OH),] = 2.6 x 107? ^ pK), = 386 
(Koo = К, [Fe(OH)] = 4.91077 ^n PK) = 163 
^ (Kyo > (K,)s. ie (PK), > (рК, ), 
„ E! = E? + 0.059 [PK ph - p(K,,),] + 0.059 p[X] 
^ Ef = {+0.77V + [0.059(16.3 — 38.6) + 0.059 p[OH]) V 
= (+ 0.77V — 1.32 + 0.059 p[OH])V 
= (-0.55 + 0.059 p[OH])V 
Thus, the formal potential is lower than E”, since Fe(OH), is less soluble than Fe(OH). 
' p[OH] = pK, - p[H] = 14 — p[H] at 25°C. 
" E! = [-0.55 + 0.059(14 — p[H])] V 
= (0.28 — 0.059 p[H])V. 
Thus, it is seen that with increase of ОН” ion concentration, i.e., with increase of p[H], 
the formal potential of Fe?*/Fe?* couple will decrcase (cf. Fig. 2.7) 
Case - 2: When the oxidized form MX, is soluble but the reduced form MX, , is 
sparingly soluble 
The solubility equilibrium of only MX, , is to be considered, 
MX, 5) <= Mtag) + (n = 1)X- (ag) 
(K pz [M-i] x- 


„1. formal potential will decrease. 


spn 


* [Mi] E (Ksp)n-i 
pcm | 
Substituting for [MVD] in the Nernst equation (i) of the M"* / M'** redox couple, 
one obtains, 





[M"* [X^ ys: 

sp Jn- | 

= E? + 0.059 PK.) + 0.059 (л--1 Јов, [X] + 0.059log, [M"' ]. 
E/ + 0.059 log a [M] 

where, E/ = E* + 0.059 p(K. ), | + 0.059 (n-Dlog, [X], 


which is the formal potential of the redox couple. 


E = E°+0.059 log, 


MX (ag) + e = MX, (s) + Х^(ад) 

The magnitude of F’ at a given concentration of the precipitant X~ ion, at a particular 
temperature will depend upon the solubility product (Ko), of MX, ,. If( K oiii Is very small, 
PIK p) is large, E! is also large, since the concentration of the reduced component is less. 

Examples (2.45) 

(1) Cu?*/Cul(s) system 

E° (Cu**/Cu*) = +0.15V 
E? (1/21) = +0.53V 
K Cul] = 11 х 10777 
^ pK, = 11.96 

Since E*(Cu?^*/Cu*) < E*(L/21-), Cu** ion should not oxidize l- to liberate L,. But it does 
$0, as because, due to low solubility, Cul precipitates, leaving Cu?* ions in solution. As a result. 
formal potential of the (Cu?*/Cu*) couple increases to —0.8V and eventually Cu?* quantitatively 
oxidizes iodide to liberate iodine. This reaction forms the basis of iodometric estimation of 


copper. 
The half-reaction of the Cu**/Cu* couple is, 
Cu^'(ag) + e = Cu'(ag), Е° = *0.15V. 
The Nernst equation for this couple in dilute solution may be written as, 
^T. imo boss ES; 0.059 log, [C1 I. mel boxiblzo gdi n 
[Cu] jid ullos vient" on: 
In presence of iodide ion, Cu* is removed from the equilibrium due to precipitation of 
sparingly soluble Cul/s), 
Cu*(ag) + fag) = Cul(s) ` 


к 


к, = [СГ] — 
(HA 
aes mar. m 
эдш 2 дл, NM M f [Cu*] in the Nérnst equation of Си +/+ Couple, one obtains, 





Жп ow 
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E = E" + 0.059pK... + 0.059 log, [17] + 0.059 log, [Cu?*] 
= Е/ + 0.059 log, [Cu?*] 
where, E! = E? + 0.059pK + 0.059 102 01°], 
which corresponds to the formal potential of the half-reaction, 
Cu?*(ag) + (ад) + e = Си) 
The magnitude of E/ depends upon the concentration of 1- ion in the solution. If to a dilute 
solution of Cu** an excess of idide ion is added, the total concentration of iodide ion, C. 


may be taken as the equilibrium concentration [I7] of iodide. Suppose C. = 0.1/M), (i.e. -1.66g 


of KI per 100 ml) then the value of E/ will be, 
E/ = (40.15 + 0.059 х 11.96 + 0.0591og, [0.1]) V = 0.797V = 0.8V 


Since the formal potential of this Cu**, I/Cul/s) couple much exceeds the standard potential 
of 1,/217 couple, in presence of sufficient excess of I~ ion, Cu** ion oxidizes iodide ion to 
liberate iodine with precipitation of Cul/s). The net reaction 15, 


2Cu** + 41 — 2Cul/s) + І, 
Thus, if an inorganic mixture contains a copper salt and an iodide salt, the sample on 
dissolution or even in the solid state in presence of little moisture, gradually turns dark brown 


coloured due to adsorption of the liberated iodine by the solid materials, particularly the Cul/s), 
that is formed due to reduction of Cu?* by I~ ion. 


Note: In presence of large excess of soluble iodide, the precipitate of Cul passes into solution 
due to complex formation: 


Cul(s) + F = Cull), (aq) ..... and so on. 
(2) The ferricyanide-ferrocyanide half-reaction 
[FeCNY] ]*e = [Fe(CN)g ] E° *036V 
Formal potential of this couple at pH-3 is ~+0.46V due to relativelv higher degree of 
protonation of [Fe(CN), ] ion relative to [Fe(CN)? ] ion (cf. Sect 2.4.(h)). As such, 
ferricyanide ion can not oxidize iodide ion to liberate iodine under this condition, since, 
E, /2 = 053V . But if a small amount of Zn?* ion is also present in а ferricyanide-ferrocyanide 
mixture, ferrocyanide is precipitated as sparingly soluble potassium zinc ferrocyanide, 


K,Zn, [Fe(CN] leaving ferricyanide ion in solution. Although zinc ferricyanide is also 
sparingly soluble, but K,Zn;[Fe(CN),); i5 much less soluble than zinc ferricyanide. Due to 


removal of the reductant component, i.e, [Fe(CN J& ] ion, from the redox equilibrium, formal 


potential of [Fe(CN)s ] / [Fe(CN); ] couple increases significantly. As a result of that, 





ferricyanide jon can quantitatively oxidize iodide to liberate iodine, which can be estimated 
by titration with standard sodium thiosulfate solution. 


X Fe(CN)37 ] + 2e -> ЕСМ) | 


2K* + 3Zn** + [Fe(CN)E ] > KaZn3[Fe(CN);], 4 


ci — " T 2e 





2K" 4 2[Ее(Сїч) ] + 3Zn** +317 > K5Zn3[Fe(CN)4]; 4 +15 
15 + 2501- — 317 « S027 
^ 2[Fe(CN)g ] = 3Zn?* = 1, = 15 = 28,037 


This reaction forms the basis of iodometric estimation of Zn^* and also of ferricyanide. 

In qualitative inorganic analysis if a solution contains both iodide and Zn^* ions, a dark 
brown colouration or precipitate appears on addition of a drop of ferricvanide solution, due 
to oxidation of iodide to iodine by ferricyanide and adsorption of liberated I, by the precipitated 
salt, K,Zn,[Fe(CN),),. If a solution contains ferricyanide, ferrocyanide and iodide, it will be 
orange coloured at neutral pH due to ferricyanide. On acidification (pH < 1), the colour of 
the solution turns brown due to iodine, as iodide is oxidized by ferricyanide in acid medium 
(cf. Sect 2.4.(h)). On the other hand, if a soluble zinc-salt is added to a neutral solution containg 
[Fe(CN Ei [Fe(CN)1" ] and Г. a brown colouration or а precipitate appears as 
zincferrocyanide (more appropriately, K,Zn,[Fe(CN),],) is precipitated, leaving ferricyanide 
ions in solution. As a result, formal potential of [Fe(CN)2~ ] / [Fe(CN)4- ] couple exceeds the 


E" of L/2I- couple and [Fe(CN); ] oxidizes I" to liberate 1. which is adsorbed by the 
precipitate of K,Zn,[Fe(CN),],. However, the brown colour of | › may be discharged by adding 
drops of sodium thiosulfate solution or SO,- water or it may be extracted out by shaking with 
CCl, or CHCl,. Tests for other cation and anion radicals may be performed after decomposing / 
removing the excess reagent form the test solution accordingly. 
Case - 3. MX, is sparingly soluble MX, , is soluble 
The solubility equilibrium of only MX, is involved along with the redox equilibrium, 
MX,(s) == M" (aq) + nX (aq) 
(к), = ІМ" Хт) 
nay ap) 
1м] —— 
[X] 
Substituting this value of [M"*] in the Nernst equation (i) of the M'*/M'"-/'* couple, one 
obtains, | 


| t62 | 





; “(К 
- E? * 0.059 elec. 2 
[M ПХ] 


= (E? — 0.059 РК), - 0.059nlog,,[X"] — 0.0591ор „М! n 
E/ — 0.059log, [M'"-'/*] 
where. Е/ = E? — 0.059p(K...), - 0.059 n log [X] 
which is the formal potential of the redox couple, 
MX, (s) + e 3 М"! (ад) + nX-(ag), 
that exists in presence of the precipitating agent X^. E’ at a particular temperature is a 
function of the concentration of the precipitating agent X^. As the concentration of X^ increases, 
Е/ decreases. At a given concentration of X^, Е/ increases as (Kp), increases (i.e., as PiK), 
decreases), and vice-versa. Therefore, the less soluble is MX „ the lower 15 the formal potential 
at a given concentration of X^ ton. 
Examples (2.46) 
4 | А 
(1) " | most common example is again the Fe?*/Fe?* system. Consider the part of the 
Por ram (cf. Sect. 2.4.l(iii)) of iron (Fig. 2.7) in the region between pH4 to pH 8-9, 
whi -t);(s) is in redox equilibrium with Fe?*(ag) ion according to the half-reaction, 
Fe(OH),(s) + e = Fe**(aq) + ЗОН” (ад) 
Thus, the solubility equilibrium of only Fe(OH),(s) is involved with the redox equilibrium, 
Fe(OH),(s) = Fe**/ag) + ЗОН” (aq). (К), = 2.6107? 
(Kj), = [Fet] OHP = 2.6 х 107? n pK), = 38.6 
eeu Se, Reb (K,,)5[H* T 
| (онр (K,/[H' (Куу 
> К, = [H'][OH] = 10-14 (at 25°С) 
Substituting the above value of [Fe?*] in the Nernst equation for the Fe**/Fe** couple we 
obtain, 


Ст] 





(Ksp J [H ы р 
(К„) [Fe] 


E = E? + 0.059 "| 
= Е° + 0.05910 (К, — 0.059 = 3 log K, + 0.059 x 3 log,,[H"] — 0.059 logo [Fe^'] 
= (E° - 0.059p(K,,); + 0.177pK,, — 0.177p[H]) — 0.059 log, [Fe"'] 


= (E/ — 0.059 log, „[Ее2*]) V. 
where, E/ = (E? — 0.059 p(K p); + 0.177pK,, – 0.177 p[H]) V. 
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which is the formal potential of the Fe(OH),(s)/Fe? ' (ag) couple. At a particular temperature, 
as the p[H] increases (i.e. the concentration of OH- increases) the formal E/ decreases, as more 
and more of the oxidant component is precipitated. At a particular p[H], the less soluble is 
the oxidized form, i.e. less is (К. ). (here (K,,),) the lower is the formal potential. Formal 
potential of the Fe(OH),(s)/Fe?*/ag) couple at p[H] 7 will be: 

E! = (40.77 — 0.059 x 386 + 0.177 х 14 ~ 0.177 х 7) V = -027V. 

Ее!!! shows its oxidizing property mainly in acidic solution, whereas, Fe” becomes strongly 
reducing in basic medium. If a Ее!!! salt and an iodide salt are present is an inorganic mixture, 
Fe will oxidize I to liberate l, in acidic solution [~ E%(Fe**/Fe**) = 0.77V, Е(1,/217) = 
*0.53V]. But in the Na,CO, extract, iodide will remain as such. since Na,CO, extract is strongly 
alkaline and Fe** will precipitate as Fe(OH),. As a result, formal potential of Fe/Fe couple 
will be even lower than that of the 1,/217 couple. 


(2) Hg," /2Hg^(l) couple in presence of chloride ion 
The Nernst equation for the half- reaction, 





Hg$*(aq) + 2ez& 2Hg(I) E Hes? /2Hgll) - oY 
may be written as, 
Ws 0.059 24 
- КАШАТ, +72 Іов[ На5 | 
/ 9 
x Eagt ahe + 0.02 Іов С 2+ 
where, E Wee is the formal potential of this redox couple. Since the formal potential, 
кў /2Hg 


РА is 0.776V in. 1M HCIO,, the electrode potential(E) of the system with 


C. P = (.01 M under this condition will be, , 
£ 





Е = [0776 + 009 1ор1000.01)] У = 0717 V 


Thus, the Hes" / 2Hg° couple appears to be a moderately oxidizing couple. Such a couple 
may be transformed into a reducing couple, either by keeping the С на" very low, ог, by 


- 


removing Hg ion from the solution by complex formation, or, precipitation. It is well known 
that on addition of chloride ion to mercurous ion solution, г mercurous chloride (calomel, Hg,Cl,, 
К. = 1.32х10-' at d is precipitated: 

(éj FCT Нес) iy ои 
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Kp =([Hg3" CIP = 1.32 х 10-15 (at 25°С) 
K 
^ [Hg]: 
[CI | 
Substituting this value of [Hg5*] in the Nernst equation of Нр2* /2Hg? couple, and 
assuming dilute solution, (i.e, E” = E?) one obtains: 


-E 0.059 Ky, 
E Fuad ange 5 2 8107 


= (E; Bt range * 00295106 к, | - 0.059 log [Cl] 
„Ё/ — 0.059 loef C17 
Hg3* /2Hg* —— 


Thus, the electrode potential of Hes" / 2Hg* (I) couple depends upon СІ" ion concentra- 
tion. With increase of СІ" ion concentration (E) decreases and the system becomes more and 
more reducing. The above equation is the Nernst equation for the half- reaction, 


Hg,CL(s) + 2e = 2Hg'(T) + 2Cl faq) 


as occurs in calomel electrode. The formal potential of the electrode is given by, 


/ 2E ^04 Inc | 


= (.80V + 0.0295 х log(1.32 х 107!) 
= 0.273V 
Thus, in presence of chloride ion, the oxidizing power of the Не2* /2Hg° couple is 


significantly reduced due to precipitation of the oxidant component (Hg5*) of the couple in 


the form of Hg,Cl,/s). This is evident from the decrease of formal potentials of three types 
of calomel electrodes with increase of СЇ” ion concentration. | 
For chloride ion concentration of 0.1M (decimolar), 1M (molar) and 4.75 M (approximately 


saturated) KCI at 25°C the potential (E) of the Hes" /2Hg? electrode, according to the equation, 


=| py - 0,059 log[ CI ] | V 
E — гне 0.059 log[ ) 


= (0.273 — 0.059 log[CI-])V 
will be 0.332V, 0.273У and 0.233V respectively at 25°C. Literature values of the potentials 


| | 
Iw 





of decinormal, normal and saturated (KCI, SCE) calomel electrodes at 25°С are 0.3358V, 
0.2824V and 0.2444V respectively vs. standard hydrogen electrode (SHE). 


(k). Redox Stability Field of Water 


Water can act both as an oxidizing agent as well as a reducing agent. When water acts 
as an oxidizing agent, it is reduced to hydrogen gas according to the half-reaction, 


H,O/(I) + e > $H,(g) + ОН (ад) 
which in fact is similar to the reduction of hydronium ion, 


H,O* + e > +H,(g) + H,O(l) E = 000V . 


n 
но” Ін; 


The Nernst equation for the electrode potential for these half- reactions is, 


a 

H + 
R = А + 0.059 log, ——— 
H30 Нэ H30  /'4H3 (p 


H,)'7? 


If the partial pressure of hydrogen gas (pH.) is equal to | atm, the electrode potential of 
the above half-cell will be, 


E 30* /AHa = 0+ 0.059 logy, dot = -(0059pH)V  ... (1) 


When water acts as a reducing agent, it is oxidized to oxygen gas according to the half- 
reaction, 


O(g) + 4H" + 4e — 2Н,01) E? = +1.229У, 
The Nernst equation for this half-cell is 


a 0.059 
Eoj/2850 = Ёоз/2нзо + -7 1081004, ) (p02) 


If the partial pressure (pO,) of oxygen gas is equal to | atm, the potential of the above 
half-cell becomes, 


Eo. 2830 - (1229 * 





0059 ода, J = (1229 - 0.059pH)V ..... (ii) 


Thus, the two equations (i) and (ii) represent the variation of redox potentials of the H,O/1)/ 
^H, (g) and O.(g)/2H,O/l) redox couples representing respectively the reduction and oxidation 
of water. If the potential is plotted against pH, both the equations will produce straight lines 
of slope - 0.059, that is, the two straight lines will be parallel and will be inclined from higher 
(positive) value of potential to lower positive or higher negative values with increase of pH 
(Fig. 2.3). The straight line representing reduction of water (equation (i)) does not make any 
intercept on the potential axis. It starts from zero of potentials (i.e. E = 0.0V at pH = 0, i.e, 
IM acid). The straight line representing oxidation of water (equation (ii)) makes an intrercept 
of *1.229V on the potential axis (E = *1.229V at pH = 0 i:e, 1M acid). At the two extremes 





0,/HO  ; | en 





pH — 
Fig. 2.3. Redox stability field of water. 


of the pH limit of water, ie, pH = 0 (1 M acid) to pH = 14 (1M base, since рК. = 14) and 
at neutral pH = 7, the potentials of the above two half-cell reactions are given below: 
pH = 0 (1M acid) pH = 7 (neutral) рН=14 (1M base) 
Eo, 2830 (V) +122 +0.815 +0.404 


E Ot Milla’ 0 -0.414 -0.828 


The half-cell reactions for reduction and oxidation of water in IM acid (рН = 0), neutral 
medium (pH = 7) and in | M base (pH = 14) are summarized below: 


Conditions Half-cell reactions E*(V) 
Reduction of water 

1 M acid (pH = 0) H,O* (aq) + e ә 4H (g) + но) 0.00 

Neutral medium (рН=7) H,O() + e =» Hyg) + OH" (agi -0.414 

IM base (pH = 14) НОП) + e > Hag) + OH'(ag) -0.828 
Oxidation of water 

| М acid (pH=0) H,O) — #О,(@) + 2H'(aq) + 2e -1.229 

Neutral medium (pH-7)  H,O@M > #О,@ + 2H'(ag) + 2e -0.815 

| M base (2Н=14) 20H-(aq) > МО,(@) + H,O + 2e -0.401 
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An oxidizing agent that can oxidize water, liberating oxygen rapidly and a reducing agent 
that can reduce water, liberating hydrogen rapidly, can not exist in water solution. Redox stability 
field diagram of water (Fig 2.3) may be obtained by ploting the redox potentials of Н.О” (1)/ 
AH. (g) and O.(g)/2H,0/7) couples as a function of pH. The two parallel thick lines (1) and 
(2) respectively represent the limiting values of potentials in the pH range 0 — 14 (ie. 1M 
acid to 1 M base) for oxidation and reduction of water described above. Redox couples having 
standard redox potentials above the upper line (1) can oxidize water, and those with standard 
potentials below the lower line (2) can reduce water. However, in practice, to effect oxidation 
of water, the reduction potential of an oxidizing redox couple needs to be at least 0.6V higher 
than that predicted by line (1) due to the kinetic phenomenon known às overvoltage (or over 
potential). Similarly the reduction potential of a reducing redox couple should be at least 0.6V 
lower than that predicted by line (2) for effecting reduction of water. This extra energy is always 
required when gaseous reactants and products are involved in a redox process, This is also 
associated to the transfer of more than one electrons at one go in the evolution of O,/g) and 
H.(g) molecules in the oxidation and reduction of water. The overpotentials in the redox stability 
field of water are presented by drawing two parallel thin straight lines, one above the theoretical 
line (1) by 0.6V and the other below the thoretical line (2) by 0.6V. Finaly, there is a pair 
of vertical dotted lines at pH = 4 and pH» 9, which mark the limit of pH of most natural 
water sources, e.g. lakes and streams etc. The shaded area bounded by the upper and lower 
potential lines and the two vertical pH lines is referred to as the stability field of natural waters. 


Examples (2.47) 
(1) Oxidation of water 
(i) Co?*(ag) oxidizes water with evolution of O,/g) according to, 
ACo?*(ag) + 2H,0(I) —> 4Co?*(ag) + Oj(g) + АН" (ag) 


The two redox couples involved in this reaction are, 


Со?* (а) + e — Co** (ад) E rop = +192 V 


O,(g) + 4H'(ag) + 4e > 2H,0/) Eo, /2H,0 = +1229 V 
If a cell is constructed by coupling these two half-cells, the emf of the cell will be, 
E. = шык ~ Eanode = Ёл ~ Ёоу?нуо = (1.92 – 1.229)V а +0.69V 


As the cell emf is close to the overpotential for O, evolution, the reaction will proceed 
in the right direction. Since H* ions are produced, the reaction, will be favoured on removal 
of H* ions i.e, by increasing the pH, which lowers the redox potential of the O,/2H,O couple, 
whereas, that of the Co**/Co** couple remains unchanged. 

(ii) Reduction potentials of Ce**/Ce?* (E° = +1.76V) and acidified solutions of MnO,” 


H'/Mn2*(E° = +1.51V); C027. H'2CP* (E° = +1.33У) are higher than that of the O,/ 





2H,O couple, but yet these couples exist in aqueous solution without causing. oxidation of 
water to liberate oxygen. This is because, the emf of the cells constructed by combining these 
otherwise oxidizing redox couples with the О,/2Н,О half-cell аге all lower than 0.6V required 
to over come the overvoltage for O, evolution: 


Е e ice? *) * Его» 2450) = (176 ~ 1229)V = 053V 
E Wo; n*m?) 7 Eloy auo) = (151 ~ 1229)V = 028V 


au 


U not ut 23%) - Evo: 0) = (133 ~ 1229)V = OV 


(2) Reduction of water 


(1) Most s-block metals react with water or aqueous acid solutions evolving H, gas. The 
reactions actually involve reduction of Н“ ions or H,O molecules: 
H* (aq) + Mís) > M'(íag) + АН, (е) 
HOI) + Мүз) ^ M'(ag) + '‘AH,(g) + OH (ag). 
where, M is а 4-block alkali metal. Similar reactions may occur with certain s-block alkaline 
earth and 3d transition metals (Ti, V, Cr, Mn). The difference in the standard potentials of 


the M^*/M and the H*/'5H. redox couples in 1 M acid medium are greater than the overpotential 
required for H, evolution: 


D P Bord = (Е ием 3 0} = Erin 
M n 4: oe Me JA. 086 ЛТ С Ma 


weg -304 -2713 2924 -236 -1.68 -287 -163 -090 -1.18 


Although the redox potential difference of Mg^*/Mg and AP*/AI couples with that of the 
HAH, couple exceeds the overpotential barrier of -0.6V, yet these metals may be used to 
handle water in presence of air for long period, This is because the metals react spontaneously 
on exposure to most air, when an impervious thin film of oxide is formed on the metal surface, 
which is rendered passive and protected against attack by water. Fe, Cr. Zn are similarly 
passivated. 

(I) Redox potential diagrams 

Redox potential diagrams are extremely useful in predicting the ability of different oxidation 
states of an element to undergo oxidation, reduction, disproportionaton and comproportionation 
reactions. Three types of redox potential diagrams are useful in inorganic analysis. 


(i) Latimer diagrams | 
Lotimer diagrams (or, reduction potential diagrams) present the standard potentials 
connecting the various oxidation states of a particular element. In these diagrams the standard 
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reduction potentials for the reduction half-cel! reactions involving two oxidation states of an 
element are joined by a left to right arrow (—) from the higher oxidation state at the left 
to the lower oxidation state of the redox couple to the right. Various oxidation states of the 
element are shown by integer numbers above or below the respective species with (*) and 
(-) signs as required. Latimer diagrams of an element may be constructed with the standard 
reduction potential values corresponding to the species existing in 1 M acid , in neutral (pH 
= 7) as well as to the species existing in | M base solutions for various oxidation states of 
an element; putting the highest oxidation state on the left hand side and the lowest oxidation 
state on the right hand side. Redox potential in volt (V) of the couples involving two oxidation 
states are stated above the line joining these two oxidation states. 
The Latimer diagrams of iron in acidic and basic solutions are shown below: 


+6 +3 +2 Ü 
FeO?” +2 20V Fe” af) 77V Fe? - 44V Fe 
IM Acid M 
—0.04V 
IM Base FeO? — , Fe(OH), — , Fe(OH Jy 03V; Fe 


From the Latimer diagram of an element it is possible to predict the redox behaviour of 
a given species of the element. The more positive is the value of standard reduction potential 
the more readily the species on the L.H.S. is reduced to the species on the R.H.S. of the arrow. 
Strong oxidizing agents are characterised with high positive values of the standard reduction 
potentials and occur to the left of the diagram. Strong reducing agents are characterized by 
high negative values of the standard potentials and occur to the right of the diagram. 

It is possible to write the half-reaction of a redox couple from their positions on the Latimer 
diagram. As for example the half-reaction for reduction of Ее?* to Fe** in 1 M acid may be 
written as. 


Fe?*(ag) + e — Fe?*(ag) E itat = +0.77V 


Half-reactions for reduction of oxo ions should be written in such a manner that the O- 
atoms are balanced by transformation into H,O molecules, H-atoms in the resulting Н,О 
molecules tally with the H* ions, and finally balancing the charge with electrons. For the ferrate, 


FeO?” ion, we can write, 


In 1M acid medium 
FeOj" (ag) + 8H* + Зе — Fe3*(aq) + 4H,0() E, <0} pe?* = +2.20V 
In IM basic medium 


FeO} (aq) + 4H,O(l) + Зе — Fe(OH),(s) + SOH-(ag) = +0.90V 


Е eol" /Fe(OH)3 





© 


Thus, the oxo anion, FeO?” iS a stronger oxidant in acid medium [E*( Ее02- /Fe?*) - 


*2.20V] than in basic medium [E°(FeO}” / Fe(OH);] = «090V)]. 

On the other hand, іп acid solution Fe? is quite stable toward oxidation to Fe?" (-0.77V), 
but in basic solution Fe(OH), is readily oxidized to Fe(OH), (+0.56У). 

Although Latimer diagrams are very useful in identifying the actual redox species of an 
element, nevertheless these diagrams for elements existing in several oxidation states and 
involving protons, hydroxo and oxo species are very complex and sorting out information from 
such diagrams are tedious. 

Since Latimer diagram of an element portrays the standard potentials of the redox couples 
of the element diagrammatically, where oxidation numbers decrease from left to right and the 
E°(V) values are written above the right handed arrows joining the two components of the 
redox couples, these diagrams are very useful in predicting the possible redox reactions the 
atoms and the ions of an element can undergo. 

Standard potentials (E°) of redox couples involving the adjacent oxidation numbers are 
given on the Latimer diagram. E° values of some couples involving non-adjacent oxidation 
numbers are also given in case of some elements. The E? values of couples involving non- 
adjacent oxidation numbers may be calculated from the Е° values of the intermediate adjacent 
couples with the aid of the relation, AG? = —FE? and taking the overall free energy change 
as the sum of the free energy changes of the intermediate steps. Consider the Latimer diagram 
of the element X, in which the element exists in n, m, and m, oxidation states (m, > n, > 
пу) and the corresponding species of X are X,, X, and X, respectively. 


Ny п; ny 
E? E? 
Xa "Ser V X3 — ШС Xi 
Ej 


E> and E}, are the standard potentials of the two adjacent couples X,/X, and X,/X,. 
The standard potential Е; of the non-adjacent X,/X, couple maybe related to E;, and Ез). 


If АС», лоз, and лоз be the standard free energy changes associated with the electrode 
reactions of the corresponding couples, then, 


AG > = (п, – п\|)Ё E» 
АС з) Mes Ms nj)F Es; 
AG 3} = п, – n,)FE3, 


Vie AG з = AG} + AG», 
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nom - пу) Ез = An, = m )F Ез] + [Hm - nF Ез] 


„(пу = т)Е = 05 - MEQ + (m - MED 
pe, n биз ~ mp VE 32 + (my — m JED) 
9977 (m - т) 


Another method of calcutation of standard redox potential of an intermediate couple (i.e, 
of the type X,/X,) has been discussed earlier (cf. p. 125) 
Consider the Latimer diagram of iron in 1 M acid medium presented earlier. The E? values 


of Fe*/Fe?* and Fe?*/Fe* couples are E?, = +0.77V and Ез, = -0.44V respectively. The E° 


value of the Fe?'/Fe? couple (i.e, ЕЗ.) may be calculated using the above relation, where, 
y= +3, n, = +2, п =). 


o al — xt = (+2)] x (0.77)  [(2) - (0)] х (-044 
E°(Fe™* / Ее°) = Еу emm еш сонш) 5 V 


_ 0.77 +2 x (-044) _ o0367V = -004V 
- | 


Since the E? values for the reduction half-cell reactions are negative, 
Fel(ag) + 2e — Fe°(s) Ex) = -0.44V 
Fe?* (ag) + Зе — Fe°(s) | E30 = —0.04V, 


therefore, the E? values for the opposite reactions, i.e, oxidation of Fe(s). to Fe?* (aq) and 
Ее?" (ад) will be of the same magnitude but with opposite sign, і.е, positive.. 


Fe*(s) — Fe?*(ag) + 2e ` EQ, = +0.44V 
Fe°(s) > Fe?'(ag) + Зе ES, = +0.04V 
Thus, the free energy changes for oxidation of metallic iron Fe?(s)- will be negative in both 


these reactions: pu 
——— 





A 





reactions of an element. Consider the following Latimer diagram of a metallic 
element M: 


M?* ЕШМ), Mt ЕВУ), ut 
For spontaneous disproportionation of the intermidate oxidation state species M*/aq) in 
aqueous solution to solid metal M°/s) and M** (aq) ion according to the overall reaction, 
М" (ад) + М? (ад) > M” faq) + M*ís) 


the free energy change (AG?) of the reaction should be negative, so the standard potential 
(E^) of the overall reaction should be positive (^^ AG? = -nFE^). The overall reaction maybe 
expressed as the difference of two half-reactions in terms of the Latimer diagram: 


Right hand (К) couple: 
M'(ag) + e ә M'(s) Eg 2-AGg/F (v n=l) 
Left hand (L) couple: 
М?" (ад) + e > M'(ag Ер --AGL/F («nm») 
Free energy change (AG^) of the overall disproportination reaction will be the algebric 


difference of the free energy change of the reaction proceeding to left (L) from that of the 
reaction proceeding to right (R). 


AG? = -1.F.E° = (AGp = AG; ) 
= (-I.F,Ep) - (-LF.Ej ) 
= F(E}, - Ep) 
n E°= Bg - E, 


Thus, the standard potential (E°) of the overall disproportionaion reaction will be positive 
(hence, AG? negative), if the standard potential of the right hand couple is higher than that 


of the left hand couple (En > E; ) . Therefore, an intermediate oxidation number species of 


an element in a Latimer diagram will have a thermodynamic tendency to disproportionate to 
its two neighbouing oxidation states, if the standard potential on the right of the species is 
higher than the potential on its left. 
Examples (2.48) 

(1) Cu'(ag) disproportionates to Cu?*(ag) and Cu metal. 

The overall disproportiontion reaction is, 


2Cu'(aq) — Си? (ад) + Си°(%) 
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The Latimer diagram of copper involving these species in 1 M acid medium is, 


2+ Е; Е, “40 
Си — Cu 30523 Cu 


Ер (*0.52V) > E, (+ 0.15У) 
E° = £9 -E? = (+ 0.52V) - (+0.1SV) = *0.37V 


Since E? for the overall reaction is positive, therefore, ^G^ is negative. 
So the disproportionation of Си” is spontaneous. Equilibrium constant of the overall 
disproportionation reaction may be defined as, 


24+ 
ko Iv] 
[Cu] 
AG? = -2.303 RT log, K° = -nFE? 


пЕ° 
2303RT / da () a 


Я К° = 102 9.059 = 19937/0.059 * 10527 


‚ logi K°= (at 25°C) 


= 1.87 x 10° (at 25°C) 
(cud) 
(2) E*(Fe?*/Fe?*) and E°(Fe?*/Fe°) couples are +0.77V and -0.41V respectively. Predict 
the probability of disproportionation of Fe?* under standard condition. 
The Latimer diagram for the three iron speics is, 


Fet 2077У, fet AIV, pos 
Е, RP 


R 
CHE d (ER А E, ) = (-0.41 — 0.77)V = -1.18V (negative) 


~ Е? of the overall reaction is negative, so free energy change is positve, therefore, Fe?* 
will not spontaneously disproportionate under standard condition. Even if it does so, according 
the overall reation: 3Fe** — 2Fe?* + Fe*, involving 2 electrons, for each of the half-reactions 
(Fe?* 2e — Fe? and 2Fe?* + 2e — 2Fe?*), the equilibrium constant (K°) of the reaction 
at 25°С will be negligibly small. 


[К°= jQnE*/0059 _ ,g2x(-118)/0059 _ 197] 


(3). Consider the Latimer diagram of manganese in 1M acidic solution. 
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+1 +6 +4 +3 +2 0) 
+1.51У 


- «ü. 90V - 2 . = 
MnO, HMnO; «2 09V j MnO; R 4090V Мп?” 156V Mn?* LISY Mn 


*1.70V *1.23V 
(i) Indicate whether Mn(VI) tons are stable or unstable toward disproportion to Mn(VII) 
and Mn (11) tons in acidic solution. 
(ii) Comment on the redox stability of Мп(Ш) ion. 
(iii) Can MnO, spontaneously disproportionate to Мп(11) and Mn(VII) tons? 


(1) The part of the Latimer diagram of Mn involving Mn(VII), Mn( VI) and Mn(ll) 
ions may be cut out from the main diagram. 


72 = 151 V 
ч ES 6 =+ 0990Y E Е6 =? 4 
MnO, — —— — 3 HMnO, — — Mn 


Standard potentials for reduction of MnO,” to НМпО, and MnO, to Mn** in acid medium 
are: 


Eora = E72 = TSIN 


E MnOz/HMnO; ^ Eg = +039V 

But standared potential for reduction of HMnO, to Mn?* ion i.e, Eu Matt = 6.2 
is not provided on the Latimer diagram, but it can be calculated from the standard potentials 
of the other two couples i.e. Ez» and Ез using the relation (cf. p-172), 


(7 - 6)Е5 6 + (6 - 2)E6> 


Е72У "T (7 -2) 





. Ega = [(5*1.51 - 0.90)4]V = 1.66V 
- Now put the E? values of the two redox couples involving the Mn(VI) species in yet another 
simpler form of the Ltimer diagram: 


| 175] 


Ega = +166V _.,. 
-= Мп“ 


° 


(Eg) 





a En > E,. so disproportionation will occur. 
Half-reaction for reduction of HMnO, to Mn** (RAS. reaction). 

НМпО + 7H* + 4e — Мп“? + 4H,0 Eg, = 1.66V (ER) 
Half-reaction for reduction of МпО, to HMnO,~ (L.H.S. reaction), 

4MnO, + 4H* + 4e > 4HMn0O.~ Е, , = 4090V (Еу) 


The overall disproportionation reaction will be the difference of the L.H.S. reaction from 
the R.H.S. reaction and the number of electrons transferred (m) will be equal to 4. 


SHMnO, + 3H* — 4MnO," + Mn?* + 4H,0 
Е° = (Ер - E, | 

= 1.66V — 0.90V 
+ 0.76V 


Since the standard potential of the RHS couple (Ep ) is greater than that of the LHS couple 


(Ei ). disproportionation of Mn(VI) will occur. Since standard potential E° of the overall 
reaction is positive, therefore, free energy change (АС°) of the overall reaction is negative. 
So the disproportionation reaction of HMnO,* to MnO, and Mn?* ions in acid medium will 
be spontaneous. 

The equilibrium constant (K*) of the overall reaction at 25?C will be, 


К° = 10/0059 _ Ti bane 76/0. 059 = 107 1.5 = 335 х 10°! 
(ii) For МпО,, Мп?* and Mn?* species the simplified Latimer diagram in acid medium 
I5, 


Mao, Же» Mn 3+ +156V 120v, Mn?* 
(E, ) (EDS 


Since Ep > E, and (Ep — Ej ) is positive, disproportionation of Mn?* to MnO, and Mn?* 
will occur spontaneously. The half-reaction for reduction of Mn?* (R.H.S. reaction) is, 
Ма?* + e + Mn? Ер = *1.56V 


and the half-reaction for oxidation of Mn** to MnO, (L.H.S. reaction) is, 
MnO, + 4H* + e — Mn” + 2H,0 Ej = +0.90V 


7 1 
I | | 
P? y o 





The overall disproportion reaction of Мп?“ is the difference of the L.H.S. reaction from 
the R.H.S. reaction, 
2Мп?* + 4H* — MnO, + Mn?* + 2H;0 Е° = EQ - E, = *0.66V 
The total number of electrons involved (n) is equal to 1. 
Since E? of the overall reaction is positive, so, the free energy change (AG?) is negative, 


and the disproportionation reaction is spontaneous. The equilibrium constant (K?) of the overall 
reaction at 25°C will be, 


Ke = 10"Ё°/00$9 _ 1 glx0.66/0.059 


== i0! 2 
= 1.54 x 10" 


(iii) The part of the simplified Latimer diagram involving MnO,~, MnO, an Мп?* in acid 
medium may be presented as, 


MnO; +170У, MnO, ОЗУ, Mg? 
EET E 
* Eg < Ej, (Eg — EL) Will be negative. That is the standard potential (E°) of the 
overall reaction will be negative, hence the free energy change will be positive. Therefore, 
MnO, will not spontaneously disproportionate. 
Reduction and oxidation half-reactions of MnO, for this disproportionation should be 
(1) and (2) respectively, 


MnO, + 4H* + 2e — Mn** + 2H,0 B ** У. — (1) 
MnO, + 4H* + 3e — MnO, + 2H,0 EOM = (2) 
Multiplying (1) by 3 and (2) by 2, one obtains equations (3) and (4) respectively, 
3MnO, + 12H* + бе — 3Мп?* + 6H,0 E, "123. so shomi (3) 
2МпО + 8H* + бе — 2MnO, + 4H,0 E 7**170V — (4) 


Thus. each half-cell reaction involves 6 electrons for balancing. The overall reaction 15 
obtained from the difference (3) — (4): 


5MnO, + 4H*  2MnOy + 3Mm" + 2H,0 E= Eg -Е = -047V 
Equilibrium constant (K^) of the reaction at 25°C will be negligibly small, 
К° = [0757059 ЕР 195*(0947)/0059 


= 10 = 1.6 х 10 


[17] 
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(4) Consider the Latimer diagram of silver given below and predict the probability of 
comproportionation of Ag?*/ag) ion and Ар°(5) to Ар? (00) ion. 


Ез (EL) Ejg(ER) 

Ag** ЫМУ, др, „01У, доо 
The overall comproportionation reaction between Ag^'(ag) and Ag? is, 

Ag (aq) + Ag^(s) -э 2Ag*(ag) Е°= (Ey, - Б) = +1.18V 
This overall reaction may be splitted into two component half-reactions: 

Ар? (ад) + e > Ag"(aq) E>, = +1.98V 

Ag'(ag) + e — Ag Eig = + 0799 V 
At equilibrium, potential of the two couples will be the same: 


Ej = Ej 


7. Ey, + 0059 ово 27 = Ejo + 0059 log, [Ag*] 
g 


, (E>; = Eio) = 0059 losu PET = 0.059 log), К (in dilute solution) 
E 


^. logyy К = (Ез, - Eig) / 0.059 = +1.18 / 0059 


* K? = 10! I&/0.059 — 1029 at 25°С. 


As the equilibrium constant is very large positive, so comproportionation of Ag?* and Ag? 
to Ар? ion will be spontaneous under standard condition. 


(5) Consider the following Latimer diagram of mercury: 


2ug": —9911V , Hg? + —10.26V. , o Hg? 
(EL) = Е (Eg) = Eio 


Since Ep < Е, disproportion of Нр2* to Hg?* and Hg^ should not be spontaneous. 
Contrary to this expectation, Не?" ion disproportionates even in presence of traces of 
ammonia solution or dilute NaOH solution. This is due to the fact that, in presence of a 
base, both Hg^* and Hg* ions tend to hydrolyze to form sparingly soluble hydroxides, 
Hg(OH), and Hg;(OH), respectively. But the solubility of t is much lower than that 
of Hg,(OH),: 
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(Ko) = [ARE = 3.1 x 1025. (at 25°C) ^ pK) = 25.5 
Hg,(OH),(s) = Hgl* + 20H'(ag) ... (ii) 
(К), = [Heg3* ] [OH = 1.6 х 10-23 (at 25° C) ^ AKo) = 228 


pH of precipitation of the two hydroxides may be calculatd as follows: 
For Hg(OH), : According to solubility equilibria (i), in a saturated solution of Hg(OH),, 


[OH] = 2(Hg*] ~. [Hg?*] GM 
^ (К); = (Hg on P = CE for? = юну 


^. [OHF = 2(K,), 


3 
| oe 
ч | -2(K, 
кы ку): 


— - 2x31x 107° _ 62 x 1016 


ft}? (К? (1074? 





“рН = 5.6 
For Не,(ОН) , : According to solubility equlibria (ii), in a saturated solution of Hg,(OH), 


[OH] = aHgi*] - (Hg3*)= CH 
Ky) = [Hgg oH F = ET донг} 


[OH]  (K,/[H*D' 
EL 2 


1 _ (Ky) _ 2x16 ue 232 x 10? 
[HP (KP пе") 
7 pH = 6.50 


Therefore, Hg(OH), precipitates at comparatively lower pH than Hg,(OH),. As a result 
of precipitation of Hg(OH),, the concentration of the oxidant component of the 2Hg^*/ Hg; 
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redox couple is lowered, consequently its formal potential decreases significantly. For the half- 


2Hg + 2e = Hgj' E>) = +0.911V 
the Nernst equation ts, 


24,2 
Езу = Ep, + 9059 jog Mie 
2 [Hes | 





In between pH 5.6 to 6.5 the total concentration of Hg3* ion Сы) remains as free 
Нез ion in solution, whereas, the concentration of free Hg?* ion is controlled by its solubility 
equilibrium (1): 
[H +) = (Ky )2 
(Онг | 
Substituting this value of [Hg^*] is the Nernst equation, we obtain, 


ку; / oT 


нұ? 
« 0059, |(Kg)[H' | 0059 
Е, + 5 “ Kk 5 log Cut 


= Еу +099 x2 SAT 0,0295 log C 


He? 
=| E» - 0059 p(K,,); + 0.1 IpK, - 01 I8p[H] - 09 


і 
{ 








EJ, = (0911— 0059 » 255 + 0118» 14 — 0118 x 56)V 
= 0.40V. 

This formal potential (ЕЈ i) of the 2Hg(OH),/ Hg5* couple is now the formal potential 
(Ef ) of the L.H.S. couple of Hg3* ion in the Latimer diagram of mercury, Since Ер (*0.796V 
Le. Ei) Is now greater than E/( +0.40V, i.e. EZ 1). that 15 why, Hg* ion disproportionates 
to Hg?* ion and Hg^(/) under this condition. This reaction forms the basis of qualitative 


identifying test of mercuous mercury with aq-NH, solution, in which mercurous salts are 
transformed to black metallic mercury and Hg** ion (cf. Sect. 4.3). 


(ii) Frost diagrams 
Frost diagram (or, oxidation state diagram) of an element shows the relative free energy, 
rather than potential, on the vertical axis and the oxidation states on the horizontal axis. 
Transformation of an element X from its oxidation number (+n) to its elemental state of zero 
(0) oxidation number may be represented by the half-reaction, 
X(*m) + ne — X(0) E*(V) 


The quantity, nE°(V), called the volt equivalent of the X(*nyX(0) redox couple is 
proportional to the standard free energy change (АС°) for the conversion of X(*n) to X(0), 
пЕ° = — AG*/F 
Frost diagram of the element X is the plot of -nE° of the redox couples X(*nmy X(0) for 
various oxidation numbers(+n) of the element X against (+n). The quantity — nE° of a redox 
step is expressed in units of volts times moles of electrons for this step /У. тог. 1 e). We obtain 
the same value by dividing the free energy change (AG?) with Faraday constant F(1.e. AG/ 
F). The element in the oxidation state zero (0) is considered to have zero free energy. The 
(n, -nE?) data of the successive oxidation states on joining by straight lines, produce the Frost 
diagram of the element. The oxidation numbers of the element are plotted on the horizontal 
axis with zero at the middle, positive oxidation numbers on the R.H.S. and negative oxidation 
numbers on the L.H.S. or vice-versa in the increasing orders. Most stable oxidation state of 
an element lies lowest in the Frost diagram. 
Frost diagram of an element maybe constructed from its Latimer diagram. Consider the 
following Latimer diagram of oxygen: 
0 -1 3 
О, — H50,; ИШЕ: ү; ЖЕ" H,O 


+1.23V 
Oxidation numbers of oxygen in this diagram are 0 in O,, -1 in H,O, and -2 in H,O. 


| 181 | 





The first point, i.e, for O, is zero, since -пЕ° = 0. Considering changes per mole of O-atoms, 
the half-reactions for conversion of oxygen to H,O, and oxygen to H,O аге : 


40,(g) + H'(ag) * e = АН,О, (ад) Е = +0.70V, уш] 
АН,О,, (од) + Н (ag) + е > HOM) BY = -1076V. ш 
Net reaction; 'Os(g) + 2H'(aq) + 2e эН,О() E -H.233V p=- 


Thus, the (n, nE?) coordinates for H,O, are m = —1, nE^ = —0.70V and those for H,0 
are n = —2, nE* = —2.46, since free energy of oxygen in H,O molecule will be —(1x1.76) units 
below that of the H,O, point. Now joining the three (m, тЕ°) coordinates by straight lines, 
we obtain the Frost diagram of oxygen in acid solution (Fig 2.4). 





Oxidation number (n)— 
Fig. 24. Frost diagram of O,. €... € acidic solution, 0----0 basic solution, ..... free energy changes, 
—— — convex curve (disproportionation of H,0,), 


Frost diagrams give a visual image of the redox chemistry of the element. Water occurs 
at the lowest point in the Frost diagram of oxygen, indicating that the oxidation state (-2) 
of oxygen in water is thermodynamially the most stable state of oxygen. Hydrogen peroxide 
occurs on а convex curve, which indicates its instability toward disproportionation. Similary, 
occurrence of a species on a concave curve in the Frost diagram indicates its instability toward 
comproportionation reaction (cf. Fig. 2.6). 

One of the very exciting features of Frost diagram is that, the slope of the straight line 
connecting the two points on a Frost diagram is equal to the standard potential of the redox 
couple formed by the two species represented by these to points. Consider the a part of a 
Frost diagram (Fig. 2.5) representing two oxidation states +n), and +n, of the element X (m). 
The coordinates of the two points in this diagram are (+n), nV Е?) and (+n,, n, E$ ), where, 
Ер and Ej are the standard potentials of the half-reactions (i) and (ii), and, AG? and AG} 
are the corresponding standard free energy changes: 

(i) X(+n,) + те — X(0) Аб°, = -n,FE; 
(ii) X(*nj) + me > ХО) Аб, = -п„ЕЕ?, 





О 


The standard free energy change ( AG5, ) for reduction of the species X(+n,) to the species 
X(+n,) will be the difference of the standard {тее energy changes for reduction of X(*n,) to 
X(0) from that of reduction of X(+n,) to X(0). Omitting the (+) sign on the oxidation states 
for simplicity, one may write, 


X(n) + (n, - nye — X(m) АС», = т, – п,)Ё E^, 
where, E°,, is the standard potential of the redox couple X(n,VX(n,). 


пз nE; 


n;E; 





Oxidation number (п) 


Fig. 2.5 Relation between standard potentials of redox couples and slope of straight line connecting 
them in their Forst diagram. 


Since, AGS, = AGS — AGS = (-1,FES) - (-njFE3) = F(njE, - mE?) 


E> = ny Ey - mE, 
n = My 
which is also the slope of the straight line joining the two points (л, n; E^.) and (m. nj E?) 
in the Frost diagram. Thus, steeper is the line joining two (m, nE*V) points in a Frost diagram, 
higher is the reduction poetntial of the corresponding redox couple. 
In the Frost diagram of oxygen (Fig 2.4), the nE°V and (m, nE°V) coordinates of oxygen 
atom in H,O, and H,O molecules аге: | 


n EV) (n, nE?V) 
H,O SE Ey +123 (-2, -2.46) 
но, m--| Е, +070 (-1, -0.70) 


Therefore, the slope of the straight line joining the points (-2, -2.46V) and (-1, -0.70V) 
is -1.76V, which is the E° for the half-reaction for reduction of H,O, to H,O according to 





H,O, + 2H* + 2e + 2H,O E° = +1.76V 


mE; -mE,  (-070)V - (AUN ey 
Ny — n (—1) - (-2) 

The oxidant component of a couple with higher positive slope (higher positive E? value) 
will be susceptible to undergo reduction. Similarly, the reductant component of a couple with 
less positive slope (less positive or more negative E? value) will be susceptible to undergo 
oxidation. 


In the discussion on Latimer diagrams, we have seen that if the E? value of a couple on 
R.H.S. of a species is greater than the E? value of a couple to its L.H.S, i.e, (i.e. En > E, ) 


then the species undergoes disproportionation reaction. 
Consider the Frost diagram of oxygen presented above (Fig. 2.4). Gibbs free energy 
(AG* = -nFE^) of the three oxygen species in this diagram are: 


Species AG? = -nFE*?(V.C) (AG*/F) = -nE*(V) 
О, (О (zero) 0 (zero) 

H.O, (-1).F.(*0.70) -0.70 

H,O (-2).F.(*1.23) -2.46 


Mean of the free energy of the two terminal oxidation number species (О, and Н.О) is 
F[0 + (-2.46)) V.C/2 = F(-1.23)V.C. This is more negative than the free energy of the 
intermediate oxidation number species H4O,. Therefore, the two straight lines joining the (m, 
nE°) coordinates of (О, and H,0,) and ( H-O, and H,O) will interesect at H.O, point forming 
à convex courve (Fig. 2.4). Therefore, it may be generalized that ‘a thermodynamically unstable 
spcies is located at a convex curve in the Frost diagram and such a species can undergo 
disproportionation '. 

Similarly, when the free energy of an intermediate oxidation state species becomes lower 
than the mean of the free energies of the two terminal species, then the intermediate oxidation 
state is thermodynamically more stable. ‘When an intermediate oxidation number species is 
thermodynamically more stable than the two terminal oxidation state specics, the two terminal 
species may undergo comproportionation to the intermediate oxidation state species. Such an 
intermediate oxidation state species is located at a concave curve on the Frost diagram". 

Although a given speies may be thermodynamically unstable toward redox reaction, kinetics 
of such reactions are often slow, particularly when there is a phase change. Although Н.О, 
is thermodynamically unstable toward disproportion to H,O and O, gas, the reaction is 
kinetically quite slow and that is why H,O, can be prepared and stored in the laboratory а! 
ordinary temperature. 

In a Forst diagram, thermodynamically stable species are located at the bottom. The lower 
is the position of a species in the Frost diagram, thermodynamically more stable it is toward 
redox reaction. Any species located at the upper right side of the diagram will be an oxidizing 
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agent. Similarly, any species located at the lower left side of the Forst diagram will be a reducing 


agent (1f the positive oxidation numbers are plotted on the R.H.S. and the negative oxidation 
numbers on the L.H.S.) 


Almost all the features of Frost diagrams are reflected in the Frost diagram of manganese 


(Fig. 2.6). 
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Fig. 2.6. Simplified Frost diagram of manganese in acid medium. 


(1) Мп?” ion 


is located at the bottom of the diagram. It is the thermodynamically most 


stable form of mangenese. 

(ii) MnO, ion is located at the upper right of the diagram. It is a very strong oxidizing 
agent. But its reduction to Mn** is kinetically slow, except in presence of a catalyst 
and that is why, permangate solution can be stored and used as a reagent in the 


laboratory, 


(iii) Mn metal, located at the lower left of the diagram, is a mild reducing agent. 


(iv) Managanate (MnO$ ) and Mn?* ions are located at convex points оп the Frost diagram. 
These ions are unstable toward disproportionation. 

(v) MnO, is occurs on a concave point and it does not disproportionate. On the other 
hand, the two terminal species Mn** and HMnO, may undergo comproportionation 


to MnO,. 





Frost diagrams only give information about the redox behaviours of the species in 1M acid 
(pH = 0) and 1 M base (pH = 14). Nature of the species and also their thermodynamic stabilities 
may be different in the intermadiate pH ranges. As for example, in a Frost diagram of manganese 
under basic condition, the most stable species Mn?* does not occur, instead the +2 oxidation 
state of the element is represented by sparingly soluble Mn(OH),. Formal potential of any redox 
process involving Н? and ОН” ions will change with change of the concentration of these species 
(i.e. change of pH), although these species, Н? and ОН”, themselves may not undergo oxidation 
or reduction. - 

(iii) Pourbaix diagrams 

Pourbaix diagrams (also called potential-pH diagrams) depict the thermodynamically stable 
forms of an element as a function of potential and pH. Pourbaix diagram of an element shows 
the predominate forms in which the element exists at a given set of experimental conditions. 
Therefore, it is also called predominance area diagram. Pourbaix diagrams of an element gives 
a visual representation of the oxidizing and reducing properties of the major stable compounds 
of the element. These diagrams are very useful in predicting the redox behaviours of different 
forms of an element under different geochemical and environmental conditions. They are also 
useful in corrosion prediction. Unlike Frost diagrams, Pourbaix diagrams can not predict the 
thermodynamic tendency of a species toward redox reactions, neither do these diagrams reflect 
any kinetic behaviour of the redox species. 

Applications of Pourbaix diagrams may be illustrated by developing the Pourbaix diagram 
of iron in a simplified form, omitting the low concentration ji-oxo dimeric species. The diagram 
is useful in explaining the redox behaviours of iron species in natural water systems, where 
iron concentration is very low. 

We can start from acidic solution ((H*] = 1M, p[H] = 0) and proceed to higher pH values 
upto p[H] = 14 ОН] = 1M), considering only two oxidation states (+3 and +2) species of 
iron. 

In acid medium (p[H] = 0), the major iron species are Fe**(ag) and Fe?*(aq) ions and 
the reduction half-reaction is, 


Fe**/ag) + e = Fe^(ag) Е° = *0.77V Ai) 


Since this half-reaction does not involve H* ion, so its potential will be independent of 
pH (ignoring the effect of Н? ion on the activities of Ғе? (ад) and Fe** (ag) ions), A plot of 
£°(V) against p[H] for this half-reaction will be a horizontal straight line parallel to the p[H] 
axis (Fig 2.7). Fe?*/ag) may be oxidized to Fe?*(ag) by redox couples having redox potentials 
higher than that represented by this horizontal line and Fe?*(ag) may be reduced to Fe?* (ag) 
by redox couples having redox potentials lower than that represented by this horizontal line. 
This horizontal line near the top left of this diagram represents the boundary that separates 
the regions where Fe?*(ag) and Fe^*(ag) ions predominate. | 


| 186 | 


P" ee a ake oe ~ 
ГҮР: 221 Fe(OH), (s) i 


E, volts 





pH . 
Fig. 2.7. Simplified Pourbaix diagram of iron. 1, 2 : redox stability field of water, shaded region : p[H] 
ranges in natural waters. 


As the p[H] is increased, the possibilities of hydrolysis of Fe?*/(ag) and Fe^*(ag) ions 
gradually increase, eventually Fe(OH), and Fe(OH), are precipitated at different p[H] values. 
Fe**/ag) + ЗН,О = 3H*(ag) + Fe(OH),(s) ^ (ii) 
Fe**/aq) + 2H,0 = 2H*(ag) + F(OH (s) ..... (iii) 


These are acid-base equilibria, not redox equilibria, as the oxidation numbers of iron remain 
the same on both sides of these equilibria. We can have an idea about the p[H] of the solution 
at which Fe(OH), and Fe(OH), will precipitate, from a consideration of solubility equilibria 
of these two hydroxides at 25°С: 


Fe(OH),(s) = Fe**(aq) + ЗОН” (ад) 


(Кый = (Ее ОНР = 26x10 sns (iV) 
Fe(OH),(s) z* Fe**(ag) + 2OH (aq) 
(Ki = [Ре [ОН] = 49 х 17" . .—  .. (v) 
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For Fe(OH), г 
In a saturated solution of Fe(OH), ` 


[DH] = 3(Fe*] — .. [Fe?*] = [OH-3 
> n = ПОШ дон ITI | „Де D 226x107 


| 3x26x10?? 3х26х 107% 





fi REA uses ms a 8 X 10" "е. me 10-1 
[H+] (Ky, у (107!) ( = и ) 
. рН] = 4.42 .. [Fe] = 99x10! M 


For Fe(OH), : 
In a saturated solution of Fe(OH), 


[DH-] = 2[Fe**]  .. [Fe?*] = (OH ]/2 





| OH” ОН 
* (Kon - L 5 | x [OH^ r = ORF -a = 49x10 
rovini? 5 -17 
5 | -= саса * 2x49 I - 98 x 1025 
(Н) (Ky) (107'*) 
. p[H] = 8.66 n [Fe] = 2.3x1075M. 


Therefore, starting from a very dilute solution containing Fe?*(ag) and Fe?*/aq) ions, on 
increase of p[H] from p[H] = 0, Fe(OH), will start precipitating first (around at p[H] 2 4.4). 
Fe(OH), will start precipitating next around p[H] > 8.7. 

The hydrolytic equilibrium of Fe?*(ag) ion [eqlm. (ii)] is an acid-base equilibrium, and 
not a redox equilibrium. The boundary between the regions where Fe?* (aq) ion remains soluble 
and the region where Fe(OH), precipitates, limits the Fe**/ag) to very low concentration 
(~9.9x 107! Af). This boundary is independent of any redox couples, but does depend upon p[H]. 
Fe?*(ag) is favoured at p[H] lower than ~ 4, whereas, Fe(OH), is favoured at p[H] higher 
than 4. The equilibrium concentration of Fe?*(ag) varies with p[H] and the vertical boundary 
line in the diagram represents the p[H] at which Fe?*(ag) is the dominant species. 

The redox equilibrium above p[H] 4 is the half-reaction. 

Fe(OH) (8) + 3H*(ag) + e — Fe?^*(ag) + 3H,0() ss (Vi) 

Since Fe(OH), remains in the solid form and Fe?* (ag) remains in solution in the p[H] range 
4 < p[H] < 8, the electrode potential (E) for this half-reaction will be given by, 


| H*1 
E = E? + 0059 log wy | 
* оро [Fe] 
= E° + 0.0593 log, [H*] — 0.059 log[Fe?*] 
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E = (E° — 0.177p[H] — 0.059 log, [Fe?*])V 
= (E/ — 0.059 log, [Fe?*])V. 
where, E! = (E? — 0.177 рН). 


Thus, the formal potential (E^) of the Fe(OH),, H*/Fe?*(ag) couple is a function of p[H]. 
A plot of E’ vs. p[H] will be a straight line with a negative slope (—0.177), making an intercept 
of E*(*0.77V) with the horizontal line representing the Fe?* (ag)/Fe?* (ад) couple, around p[H] 
»4. where, Fe(OH), starts precipitating. 

With increase of p[H] the value of E’ gradually decreases. The oxidized species Fe(OH), 
is stable in the region of potential and p[H] represented above this line and and the reduced 
form Fe**/aq) is stable in the region of potential and p[H] below this line. Thus, with increase 
of p[H], the Fe?*(ag) ion becomes more strongly reducing. So. stronger oxidizing agent will 
be required to oxidize Fe?* (aq) to precipitate Fe(OH), in acidic solution than in basic solution. 
Nitro (-NO;) group may be reduced to amino (-NH,) group by freshly precipitated Fe(OH), 
in strongly alkaline medium. 

Above p[H] 2 8, precipetation Fe(OH), starts according to equilibrium (iii), and a vertical 
line separates the region of p[H], below which Fe^*(ag) dominates and above which Fe(OH), 
dominates. The redox couple dominating above p[H]8 is the Fe(OH),, H*/ Fe(OH), couple, 
represented by the half-reaction, 

Fe(OH),(s) + H'íag) + e = Fe(OH),(s) + H OM 
for which the redox potential (E) will be given by, 
E = E’ + 0.059 log, [H*] 
= (E! — 0.059 p[H])V = (E^) 

where, (E^) is the new formal potential of the system above p[H] 8, and it is again а function 
p[H]. With increase of p[H], formal potential of the Fe(OH),, H*/Fe(OH), couple decreases 
with a negative slope (-0.059), making an intercept equal to ENV), the formal potential of 
the Fe(OH), 3H*/Fe?* couple at the point of commencement of precipitation of Fe(OH),. The 
line representing this Fe(OH),, H*/Fe(OH), couple has a less steep slope than the line 
representing the Fe(OH),, 3H*/Fe?* couple, since smaller number of H^ ions are involved in 
this case. 

Thus, looking at the Pourbaix diagram of iron, we can explain why all qualitative identifying 
tests of iron, e.g. formation blood red coloured Fe(SCNY^*, Prussian blue test, etc. and all 
reactions for quantitative estimation of iron are carried out in fairly acidic solutions. 

The Pourbaix diagrams of an element is generally presented by superimposing the same 
with the redox stability field of water (Fig. 2.3). Redox couples with formal potentials more 
positive than the potential represented by the upper line (1), representing the 0,/H,0 couple 
may oxidize water to liberate O, gas and those with formal potentials more negative than the 
potential represented by the lower line (2), representing the H*/4H, couple may reduce water 
to liberate H, gas. The redox couples, of which the formal potentials lie between the upper 
and lower lines representing the redox stability field of water, are stable in aqueous media. 





Following points should he taken into consideration while reading the Pourbaix diagram 
of an element. 

(1) Vertical lines separate the species that are in acid-base equilibria. 

(2) Non-vertical lines separate the species that are involved in redox equilibra. 





(1) Horizontal lines separate the species that are in redox equilibria not involving 
Н” and ОН” ions. 

(ii) Diagonal boundaries separate the species in redox equilibria in which H^ and or 
ОН” ions are involved. 

(itt) For coupled acid-base redox equilibria, if H* ions are involved on the left hand 
side of the half-reaction representing reduction reaction of the couple, the slope 
of the potential vs. p[H] curve on the Pourbaix diagram will be downward (ie. 
negative), conversely, if the Н” ion is involved on the right hand side of the half- 
reaction representing reduction reaction, the potential vs. p[H] plot will have an 
upward (re. positive) slope. 

The region of stability of water as solvent is represented by dashed or dotted lines. 

Any point on the Pourbaix diagram of an element represents the thermdynamically 

most stable and also most abundant form of the element at the p[H] and potential 

represented by that point. 

Strong oxidizing agents and oxidizing conditions of potentials and p[H] are found at 

the top of the diagram. Strong oxidizing agents have lower boundaries. Permanganete 

ion acts as an oxidant in the entire p[H] range, but it is very strongly oxidizing in 

acid medium. (Fig. 2.8). 


.8. Simplified Pourbaix dia- 
gram of manganese. 1, 2: 
redox stability field of 
water, shaded region: p[H] 
ranges in natural waters. 
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(6) Reducing agents and reducing conditions of potential and p[H] occur at the bottom 
of the diagram. Very strong reducing agents have low upper boundaries on the diagram. 
Mn and Fe metals are reducing agents in the entire range of p[H], and their reducing 
powers increase enormously in basic solutions (Figs 2.7 and 2.8). 

(7) Ifthe predominance area of a species in an intermediate oxidation state of an element 
disappears completely above or below a particular p[H], the species may undergo 
disproportion to its neighbouring oxidation states species. 


Example (2.49) 





Manganate (МпО ) ion is formed only in strongly alkaline condition (Fig. 2.8). i 
disproportionates to MnO, ion and MnO, (s), if the alkalinity is lowered. In oxidative funsion 
test for Mn (p -319, 458), green coloured manganate ion is formed, when Mn(Il) salts or MnO, 
is fused with caustic alkali (NaOH/KOH, or fusion mixture Na,CO, + K,CO,) in presence 
of strong oxidant such as KNO,. When the green solution obtained after extracting the green 
fused mass with water, is treated with dilute HNO,, the green colour is immediately discharged 
and a transient pink colour due to permanganate (MnO,') ion appears, which also soon 
disappears as MnO, is decomposed by the nitrite ion formed due to reduction of KNO,. 

(8) A species, that ranges from the top to the bottom of the Pourbaix diagram at a particular 

p[H], will be devoid of any oxidizing and reducing properties at that pH. 


2,5 Principles of Separation 

(a) Chromatographic Separation 

When a fluid sample or a solution is allowed to pass through a column of finely divided 
solid adsorbent, or a solid providing support to a liquid phase, serving as an adsorbent, then 
different solutes present in the sample solution partition to different extents between the 
stationary solid phase and the mobile fluid phase, so that bands are formed at different positions 
of the column, Depending upon the nature of the solute and the stationary phase, the partition 
process may involve surface adsorption of the solutes, distribution of the solutes between the 
mobile phase and a liquid phase held on a solid support, and ion-exchange. On passing a suitable 
fluid through the column, after addition of the sample, it is often possible to separate the 
bands without serious overlap, the process is called elution. If the separated substances are 
coloured, a series of coloured zones may be formed along the length of the column, when 
we name this type of separation as C hromatography. Separation by chromatography is thus 
based on the principle of differential adsorption/distribution. | 

Partition chromotography is a type of chromatographic technique in which the stationary 
phase is a thin film of liquid adsorbed on the surface of an inert support and the mobile phase 
is usually a liquid or a solution or a gas. A special type of partition chromatographic technique, 
known as paper chromatography, is often applied in qualitative inorganic analysis for separation 
and identification of inorganic radicals by spot test technique. The stationary phase in paper 
chromatography is the adsorbed water molecules present (~22%) in the filter paper, supported 
by the cellulose molecules of the filter paper. Usually a filter paper strip cut from a Whatman 
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No. | filter paper is spotted at the centre with the solution of the test sampile by means of 
a capillary tube and the spot is dried in air. A drop of the specific reagent solution is added 
in the same manner on the sample spot, when a coloured spoi ts produced. The spot is dried 
in air as before. The paper is then held horizontally and a solution of developing ога whashing 
liquid, specified for the test is allowed to pass on to the spot from a capillary dropper. This 
developing solvent serves as the mobile phase in such a manner that the solvent front moves 
from the centre of the spot towards the periphery of the paper strip due to capillary action 
of the filter paper. Different components of the coloured spot move at different rates. If a 
precipitate is formed in the spot, usually it does not move from the centre of the spot. Ionic 
components of the spot usually move away from the central spot with different speeds depending 
upon their chemical nature on application of the developing solvent. The net result is the 
formation of concentric coloured zones on the filter paper strip, that enable us to separate and 
identify the inorganic radicals. Some times the filter paper is impregnated with the reagent 
and the test solution is added on this reagent paper. The mobile phase is then added to create 
separation of the components of the mixture, followed by exposure to or treatment with 
developing reagents. 

Examples of application of this separation technique in qualitative inorganic analysis are 
many: 


Example (2.50) 


(i) Separation and identification of [Fe(CN p [Fe(CN); ] and СМ ions by FeCl, and 
HCI solutions (cf. Sect. 7.4). 

(ii) Separation and identification of Cu** and Cd^* on filter paper impregnated with H,S 
water or freshly precipitated ZnS slurry (cf Sects. 2.2, 7.8) 


(iii) Separation and identification of MoOj" and wo.” by NH,SCN, SnCl, and НС! 


solutions (cf Sect. 8.9) 
(iv) Detection of Mo in presence of Ее!!! by NH,SCN, SnCl,, НСІ solution (cf. Sect. 8.8) 


The efficiency of paper chromatographic separation of ionic species may be further 
increased by the application of electric field (see text for electrophoresis and 
electrochromatography) and simultaneons application of perpendicular electric and magnetic 
fields (see text for magneto electrophoresis). 

(b) lon-Exchange Separation 

lon-exchange separations are often made use of in qualitative inorganic analysis, particularly 
for the removal of interfering ions such as phosphate. It is also useful in separating metal ions 
which are otherwise chemically similar but pass through ion-exchange column with different 
speeds. | 

lon-exchange separation is done with materials called iom exchange resins, which are 
composed of cross linked structural net works, containing ionized, or, ionizable functional 
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groups. These functional groups ionize to an ion fixed to the polymeric network and a counter 
ion or active ion in the liquid phase which can be replaced by an ion of the same charge 
type. Active ions in cation exchange resins are cations and in anion exchange resins the active 
ions are anions. Cation exchange resins contain acidic functional groups such as, -SO.H. 
-СООН, -OH (phenolic), from which H* ions are exchanged with cations. Anton exchange 
resins contain weakly basic functional groups : -NH,, -NHR ~ N(R),, (К = organic group), 
or strongly basic quaternary ammonium groups, -N(R),OH', in which OH" ion is the replacable 
ion. Strongly acidic (-SO,H) and strongly basic (-N'(R),OH") ion exchange resins are effective 
over a wide range of pH and so these are analytically more useful than the weakly acidic 
and weakly basic types. 


Examples (2.51) 


(i) Strongly acidic cation exchange resins: 
Dowex - 50, Amberlite IR — 120. 
(ii) Strongly basic anion exchange resins: 
Dowex-l, Amberlite IR — 400. 
The ion exchange actions maybe represented according to equilibria of the following types: 


Cation exchange action: 
(R-H* + Na* + Cl = (RNa + Н? + CF 
(resin) — (solution) (resin) — (solution) 


Anion exchange action: 
(R*(OH-) + Nat + Ch = (R*)C + Na’ + OW 
(resin) (solution) (resin) (solution) 


Thus, when an aqueous solution of a neutral salt such as NaCl is passed through a column 
of a cation exchange resin in H* form, an equivalent amount of acid (HCI) is released. Similarly 
when such a solution is passed through a column of an anion exchange resin in OH- form, 
an equivalent amount of alkali (NaOH) is released. If the anion exchange resin is in nitrate 
(NO,~) form, then an equivalent amount of NaNO, is produced on passing а solution of NaCl 
through it. 

The ion-exchange resins, when dry, have shining sand like appearance. When brought into 
contact with water, the resins take up water molecules by hydration and an increase in volume 
(swelling) takes place. The degree of such swelling decreases with increase of cross linking 
in the structural net work of the resin. Adsorption of ions by an ion-exchange resin depends 
upon the charge of the ion. Ions of higher charge are adsorbed more strongly than the ions 
of lower charge (АР? > Ca?* > Na’). For ions of same charge type. the extent of adsorption 
decreases with increase of solvated ionic volumes. lons of smaller size have greater solvated 
ionic volumes, consequently they are less strongly adsorbed than the ions of larger size. Among 
the alkali metal cations, the order of increasing adsorption is : Cst > КЫ > К? > №? > Li. 
Due to lanthanide contraction, the heavier trivalent lanthanide ions (Ln?*) have smaller size 
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than the lighter ones. So the heavier Ln?^* ions have larger hydrated ionic volumes than the 
lighter members. Thus, when a solution containing a mixture of such ions is passed through 
à cation exchange resin column in H* form, the heavier ones are weakly held, whereas, the 
lighter ones are strongly held by the resin. When the column containing the adsorbed lanthanide 
ions are washed with a suitable liquid containing a complexing ligand that forms water soluble 
complexes with the adsorbed metal ions /elution), the heavier lanthanide ions come out first 
leaving the lighter ones behind. This forms the basis of separtion of lanthanide (Ln^*) ions 
by ion-exchange method. 

The degree of adsorption of ions by ion-exchange resins is strongly influenced by the 
valency of the ions and also by the dilution of the solution. In general, to exchange a higher 
valent ion on the exchanger for one of lower valency in the solution, exchange will be favoured 
on increasing the concentration of the solution, On the other hand, if the lower valent ion 
is on the exchanger and the higher valent ion is in the solution, exchange will be favoured 
at higher dilution of the solution. 

Separation of metal ions into analytical groups is often hindered due to the presence such 
anions as PO 4 .AS0j, Сто, F-, BOT, 51027 etc. called interfering anions. Removal 


of F^, Ввоз”, SiOz” are relatively easy. Transformation of ASOJ to AsOz and СОГ 


to Сг?" by reduction, render these anions harmless. [Fe(CN H |, [Fe(CN К |, SCN- also interfere 
by forming intensely coloured solutions and ог precipitates. These anions may be decomposed 
by hot conc. H,SO, (CAUTION) (Cf Sects. 5.8, 5.16, 5.17). 

Except NH," and alkali metal salts, phosphates of most metal ions are sparingly soluble 
in neutral and alkaline medium. If phosphate radical is present, it has to be separated before 
entering into Group-IIIA separation in the systematic group analysis, since the reaction medium 
becomes ammoniacal (alkaline) from Огоир-ША. There are of course several methods of 
phosphate separation involving precipitation of least soluble phosphate salts. viz., ferric chloride 
method, lead acetate method, stannous chloride method, zirconyl nitrate method etc. All these 
methods require careful control of pH of the solution. Moreover, all these methods involve 
one additional step for removal of the excess added cations eg, Fe**, Pb?*, Sn?*, ZrO?* etc. 
lon-exchange method may be conveniently applied for removal of the phosphate ion from the 
test solution, This requires a strongly acidic cation exchange resin column (Fig. 2.9) in H* 
form. When an acidic (preferably dil.HNO.) test solution containing saveral cations and anions 
including the interfering anions such as phosphate is allowed to pass through the cation exchange 
resin column in H* form, the cations are held up by the resin with release of equivalent amounts 
of Н“ ions. The anions and neutral species (e.g. H,PO,) pass out of the column. Anions in 
the effluent combine with the released H* ton to form the corresponding acids. This effluent 
solution may also be tested for the anions, except for the one, that is the anion of the acid 
used to transform the resin into the H* form. After washing the column with water to remove 
any residual anion, the adsorbed cations are eluted from the column by passing dilule (-2M) 
HC! solution. All the metallic ions of the sample solution will now exist as their chloride salts 
in the effluent solution and may be detected by individual or systematic tests. 


ques] 





Fig. 2.9. lon-exchange separation. B = burette (10 mL) packed with ion exchange resin (В), 
G = glass wool plug, T = test solution, Е = receiver flask (25-50 т/ ) 


(c) Separation by Solvent Extraction 


In qulitative identification of inorganic materials, use is often made of the greater solubility 
of a particular substance in some sovents than in the others. Suppose a substance, a molecule 
or an ion or an ion pair, is soluble in two immiscible solvents, producing two different colours, 
and solubilities of the substance in the two solvents are different. Then, if the solute is shaken 
with a mixture of these two solvents and the system is allowed to attain equilibrium, the 
solute will tend to concentrate more in the solvent in which it is more soluble. Such a 
phenomenon is called distrbutton or partitioning of the solute between two immiscible solvents, 
and it is governed by distribution or partition law, popularty known as Nernst distribution law. 
The law states that, “when a solute distributes between two immiscible and mutually non- 
interacting solvents and the solute does not react with either of the two solvents, nor the solute 
undergoes any association, or, dissociation in either of the solvents, then a state of equilibrim 
is established between the solutions of the solute in the two solvents, such that the ratio of 
the activities of the solute in the two solvents is a constant, called partition coefficient or 
distribution coefficient, which is constant at a given temperature and its magnitude is 
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independent of the amount of the solute", If the solutions of the solute in both the phases 
are dilute, then the ratio of the equilibrium concentrations of the solute in the two solvents 
is also a constant, that is close to the distribution coefficient. 

Suppose a solute A distributes between two immiscible solvents say, water and an organic 
solvent according to the equilibrium, 


A (water) = A (organic) 
and [A], and [A], be the concentrations of A in the aqueous phase and in the organic 
phase respectively at equilibrium, then according to the distribution law, 


TATE 
[A], ^ onstant (K) 


where, Kis the partition coefficient or distribution coefficient of A between the two phases, 
Now, if at equilibrium, the concentration of the solute A is much greater in the organic solvent 
than that in water ([A], > > [A], ), it may be possible to concentrate the solute A in a small 
volume of the organic phase from a large volume of the aqueous phase. This is advantageons 
in two respects: 

(i) In separating A from substances that do not distribute similarly, 

(ii) If the extratcted organic phase is deeply coloured, or, fluorescent, then the extract 
may be useful for qualitative identification and also for quantitative estimation of the 
solute A by spectrophotometric, fluorimetric, flame photometric, X-ray fluorescence 
and other methods. 


This simple form of the partition law, however, is rarely applied in actual analytical works, 
since the constituents extracted are often present in more than one forms in the aqueous phase 
and some times in more than one species even in the organic phase. Under this condition the 
ratio of the sum of the concentrations of the element in all its forms in the two phases, called 
the extraction coefficient (E), is the one that is more important and useful than the simple 
distribution ratio (К). Extraction coefficient (E,) of a solute A may be defined as, 


where, У [A], = sum of the concentrations of ail forms of A in the organic phase and ЎА], 

is the sum of the concentrations of all forms of A in the aqueous phase. 

The major inorganic cxtraction systems are of four different types; 

(i) Systems involving simple inorganic species in both aqueous and organic phases: 
Covalent species such as 1,, Br,, AsCl,, Snl,, Hg metal (also OsO,, RuO,) etc. 
dissolve more easily in organic solvents than in water. Non-oxygen organic 
solvents, such as, CCl,, CHCI, C,H, are better solvents than oxygen containing 
solvents viz, ether, ketone, esters etc., for extracting these materials from aqueous 
phase. 
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(ii) Extraction of unsolvated association compounds formed with organic reagents: 
Large cations and large anions are only very poorly solvated by water and their 
solubility in water is very low, Such substances containing organic groups are 
frequently more or less soluble in organic solvents. 


Examples (2.52) 

[Ph As" (MnO, ) : Tetraphenylarsonium permanganate 

[Ph,As*],(CrO7" ) : Bis-tetraphenylarsonium chromate 

[Ph ;MeAs*], [Co!! (SCN d^ | :Bis-triphenylmethylarsonium tetrathiocyanatocobaltate 

[КМ [ОО (ох), ] : Tetraalkylammonium uranyloxinate 

K*[Ph,B>] : Potassium tetraphenylboron 

Singly charged cations and anions eg. [Ph,As*][MnO, ] are more easily extracted than 

multiple charged ions, e.g, [Ph,As*]; (СО). [Ph,As' | (MoO1 ) etc. in organic solvents 
such as CHCI. 


(iii) Inorganic substances forming complexes with the organic solvents: 


When the inorganic species exist as a complex acids, such as, H*[FelllCI -], 
(H) [Со SCN)i- |, etc. they become soluble in organic solvents(S) having strongly electrone- 
gative atoms, О, N, F etc., due to H-bond formation of the types, S ..... H'[FeCl,] ete., 


R R 
М, ы э > “ 
O=- Н” [FeCl; ] C = 0-—- Н? [FeCl, | 
R^ R^ 

This is the reason for high solubility of Fe! and other trivalent metal halides in ether, 
ketone and ester solvents. 


Example (2.53) 

(1) Со! salts on treatment with NH,SCN give a blue coloured complex salt, 
(NH,),[Co(SCN),]. If the test is carried out in dilute (2M) H,SO, medium, the blue coloured 
free acid, HJ[Co(SCN),] is produced, which is much more soluble in ether or amyl alcohol 
than is the ammonium salt, because, H-bond formation of the solvents with the complex 
metalloacid acts as a driving force to the extraction of the complex into the organic solvents: 


Co(NO,), + 4NH,SCN + 2H,SO, =» H,[Co(SCN),] + XNH,),SO, + 2HNO; 


R R 
yos O H* [Co(SCN), ]H* —- es 


R 
in D ene ple all 
pet Oe ee Om С. 
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The thiocyanate test for Co" is thus more sensitive in strongly acidic medium. 


(2) When an acid solution of chromate (С) or dichromate (С 027) is treated with 


Н,О,. an intense blue colouration is produced due to the formation of the so called perchromic 
acid, CrO.. The blue colur is very unstable as perchromic acid soon decomposes yielding oxygen 
and green solution of chromic salt. However, the blue solution may be stabilized to some extent 
by extracting it into organic solvents, such as diethyl ether, ату! alcohol, amyl acetate etc. 
These oxygen containing solvents probably coordinates CrO, in which Cr(VI) is coordinately 
unsaturated: i 


H,Cr,0, + 4H,0, = 2CrO, + 5H,O 


O 
sia 
o" i No 

О 
pi br 

(К! = alkyl, R^ = H, alkyl) 


(iv) Extraction of uncharged metal chelates into organic phase: 


When a electroneutral metal chelate is coordinately unsaturated, the organic solvent 
molecules (S), water molecules (H,O) and also uncharged molecules of the chelating ligand 
(say HLL') may provide coordination to the metal complex at the vacant coordination site(s) 
around the metal atom in the complex: 


ES 
/ 


/ 


Um 
\ 
d 
= 


S, H,0, HLL’ 


If the coordinating ability of the organic solvent (S) exceeds that of water molecules or 
the uncharged molecules of the ligand (HLL’), the electronutral chelate complex [M(L-L'),]" 
is extractable in the organic solvent (S). When water forms adducts with the complex, eg, 
[M(LL'),].H4O, the complex becomes less soluble in organic solvents. Dipole moment, of the 
solvent molecule, dielectric constant of the medium, pH, presence or absence of auxiliary ligands 
play important roles in the extraction equilibrium. 








(d) Electrography 


Electrographic methods of simultaneous separation and identification are very useful in 
qualitative inorganic analysis, Electrography is based on anodic dissolution of the test materials, 
usually metals, alloys, ores and minerals. The test sample is made the anode and an aluminium 
block is made the cathode of an electrolytic cell, in which a filter paper moistened with the 
appropriate reagent solution along with an indifferent electrolyte such as potassium chloride 
solution, placed between the two electrodes, serves as the eletrolyte. When a proper D.C voltage 
is applied between the two electrodes, migration of cations from the anode material through 
the reagent paper toward the cathode plate takes place and a print is developed on the reagent 
paper in such a manner that it is even possible to locate the exact position of the metal ion 
transferred from the surface of the test sample. 

A simplified circuit diagram for fabrication of an apparatus for electrographic separation 
and identification is shown in Fig. 2.10. An aluminium block (Al) is made the negative pole. 
A layer of filter paper strips soaked in potassium chloride solution is placed on the aluminium 
block and upon that, is placed another filter paper strip impregnated with the reagent solution 
The test sample (S) is now placed on the reagent paper. and drops of water, acid /alkali/buffer 
solution etc., auxiliary reagent if any, as required for a particular test are added on the reagent 
paper, which also serves as the electrolyte. A copper plate (Cu), with a copper rod soldered 
ot it, is placed upon the layers of the filter papers. The Cu plate serves as the positive pole 
A 1-5 volt dry cell (E) maybe used as the source of current, which may be controlled by putting 
а rheostat (R) in the circuit. 





(1.5.4.5) volt 
45 
— Е 
—— — 
е К 
РРР 
0-10 ma. 100 ohm 
0-100 ma. 


Fig. 2.10. Circuit diagram of electrographic apparatus. А! = aluminium plate, S = test sample, Р = reagent 
paper, A = ammeter, V = voltmeter, R = rheostat, E = D.C. source, Cu * copper plate. 


The two electrodes may be connected to the cell through a voltmeter (V) and an ammeter 
(A). A particular element or a radical maybe detected from the colour of the spot produced 
on the reagent paper on passing the current for a few minutes. 
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n 
CENTRAL LIBRARY 


CHAPTER - 3 


Equipment, Techniques and Methodologies 





3.1 Introduction 


The techniques and methodologies for identification of chemical elements, ions and radicals 
һу sensitive and selective tests based on the chemical reactions involving these materials using 
a drop or two of the test solution containing them and reagent solution, are given the generic 
name “Spor test analysis’. The various ways these tests are conducted have been summarized 
in Chapter-1 (p. 7). The essential requirements for most successful application of spot tests 
are the following : 

(!) A sound knowledge of the chemical basis of the reactions involved in every step of 

the procedure is essential for clear understanding and intelligent execution of the tests. 

(i) Experimental conditions necessary for a test are to be strictly observed. 

(111) Laboratory and the equipment are to be scrupulously clean. 

(iv) Purest (AR or GR grade) reagents should be used. 

(v) Blank tests or control experiments are to be carried out to ensure confirmed 

identification and. reproducibility avoiding contamination. 

Apart from spotting the reactants, it is often necessary to undertake such preliminary 
operations as crushing and grinding, dissolution, ignition, evaporation, drying, concentration, 
separation. by filtration, centrifugation, chromatography, ion-exchange, solvent extraction, 
electrophoresis, electrography etc. to improve the specificity of the spot test analysis. 

The laboratory for spot test analysis should be neat and clean, free from laboratory fumes, 
adequately lighted with good quality daylight type fluorescent lighting arrangements. There 
should be adequate exhaust arrangement for expulsion of fumes and vapours etc. from the 
laboratory. There must be fume cupboard provided with exhaust. heating and lighting arrangements, 
water taps and drainage connection within the fume cupboard. The main drainage system of the 
laboratory should always be kept covered and clean to allow free flow of drainage water. 

The work bench for spot test analysis should be located at one corner of the laboratory 
as remote as possible from the sections meant for sample preparation, cleaning and washing 
glass apparatus and general macro-chemical operations. The entire unit of spot test analysis 
should be set up inside a glass chamber/cubical fitted with sliding doors, exhaust, execellent 
lighting, provided with basin, water taps and drainage connection. The spot test reagents should 
be kept inside this chamber, other common reagents are to be kept in a nearby place, arranged 
systematically on racks. 

A spot test laboratory should be equiped with variety of chemicals : acids, bases, salts, 
organic reagents, organic solvents, special reagents etc. as required. For running control 
experiments, dilute solutions of various metal salts with different anion radicals are to be kept 
ready. Lists of common and special reagents required in qualitative inorganic analysis are given 
in Appendix-B1-B10. 





3.2 Semi-micro Apparatus 


The techniques of semi-micro analysis are not very much different from those used in macro- 
analysis. The size/volume of the test sample in semi-micro analysis is, however, much smaller, 
eg. ~0.1 g/~ | ml. Obviously the apparatus are of reduced size. Consequently, manipulations 
are also easier is semi-micro analysis. Less time and much less reagents/chemicals are required 
lor semi-micro tests. Extreme care, however, should be taken to keep the apparatus and working 
bench scrupulously clean and reagent racks meticulously arranged. 


(a) Test tubes, Boiling tubes, Centrifuge tubes 


The size of test tubes used for semi-micro analysis are small (Fig. 3.1). Two types of 
test tubes (a) 7.5 cm * | cm (~ 4 ml) and (b) 10 cm * 1.2 cm (~ 8 ml), may be used for 
carrying out reactions not requiring boiling. Semi-micro boiling tubes of size 6 cm * 2.5 ст 
(~ 6 ml) (Fig. 3.1c) are used for rapid concentration or digestion operations requiring boiling 
of the test solutions. Semi-micro centrifuge tubes (Fig. 3.1d) of length — 7.5 cm are used 
lor separating a precipitate from a solution. These are test tubes with narrowed bottom. 
Graduated centrifuge tubes (Fig. 3.1e) are also available. Average diameter of a semi-micro 
centrifuge tube should be ~ 1 to 1.2 cm and its mouth should be ~ 1.3 to 1.5 em wide. Less 
than half of its height should be filled for centrifugation. Another centrifuge tube of- identical 
size and weight filled up to the same height with water, should be placed on the side opposite 
to the one containing test sample for balance. All these tubes should be made of good quality 
glass (Borosil/Pyrex), 
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Test tubes, boiling tubes etc, may be held by test tube holders (Fig. 3.2a), which may be 
of various types, made of light metals with wooden/amber handles. Nylon brushes of various 
types (Fig. 3.2 b,c) are available for cleaning the test tubes, centrifuge tubes etc. 
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(b) Spot plates 


Spot plates are good quality white or black glazed porcelain blocks (Fig. 3.3) of average 
dimensions : (8-10) cm х (6-4) cm х (1.5-2) em with 3 to 4 pairs of depressions of roughly 
| to 1.5 em in diameter and ~ 0.5 cm in depth, of capacity ~ 0.5 ml on top. 





Fig. 3.3 


Spot plates are used for carrying out coloured reactions. The test sample itself or it solution 
is placed on a depression on the spot plate and a drop of water is taken on the depression 
adjacent to it for the blank test. The reagent is then added with reagent droppers on both the 
depressions. A distinctly different colour in the depression containing the test sample from that 
of the blank run indicates a positive test. 
White porcelain back ground of the spot plate enables detection of even very minute colour 
changes. Black spot plates are useful for light coloured or white coloured materials. Transparent 
glass spot plates may also be used by placing it on а glossy paper of suitable contrasting colour. 
. Test solution and the reagent drops should be properly mixed in the depressions on the spot 
plate using a glass stirring rod or a stout platinum wire. wr | 
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(c) Stirring rods 


Stirring is very often required in semi-micro tests for uniform mixing of the reagents with 
the test sample/solution. Small glass rods of 10-12 cm length and 2 mm in diameter ore most 
convenient for stirring of small volume of solutions (Fig. 3.4a). The end of the rod may be 
rounded by heating to fusion on non-luminous Bunsen flame and then roling the — 
on an asbestos board. For convenient operation, a handle may he formed at one end of the 
rod by bending it through an angle of ~ 45° to 135° after heating the rod to fusion on the 
flame (Fig. 3.4b). For uniform mixing of the test sample with the reagent on a spot plate, 


a glass rod may be drawn into a thin needle and a small gl | 
end (Fig. 3.4c). glass bead may be formed at its 





Fig. 3.4 


(d) Semi-micro droppers 

Two types of droppers (also called dropper pipettes) are used in semi-micro operations. 
Droppers used for transferring reagents from reagent bottles of 50-100 mi capacity, called 
reagent droppers (Fig. 3.5a), are 10-12 cm in length, of which ~ 4 to 5 cm is a capillary tube 
at the dropping end. Dropper of length ~ 15 to 20 cm of which ~ 10 cm is a capillary tube 
at the dropping end, called capillary droppers (Fig. 3.5b), may be used for transferring 
centrifugate and supernatant liquids from the centrifuge tubes and test tubes. These droppers 
may also be used for adding test solutions or reagents to the drop reaction papers or on the 
spot plate. For quantitative transfer of definite volumes of liquid, graduated dropper pipettes 
(Fig. 3.5c) may be used. Transfer capillaries (Fig. 3.5d) drawn from wider glass tubes or test 
tubes are useful for transferring minute volumes of liquids for spot reactions. 
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Fig. 3.5 


The volume of a liquid drop from a dropper depends upon the density and surface tension 
of the liquid. The drop volume may be calibrated by adding drops of water from a dropper 
into an empty 5 тЇ measuring cylinder up to a definite volume, while counting the number 
of drops. Volume of a drop of water may be obtained by dividing the volume of water with 
the number of drops. The capillary of the dropper should be such that — 30 to 40 drops of 
water passing through it should make a volume of | ml. If a dropper delivers 20 drops per 
| ml of distilled water, it will deliver approximately 20-22 drops of dilute aqueous solutions 
of acids, bases and salts, 23-24 drops of concentrated hydrochloric acid, 36-37 drops of 
concentrated nitric acid or concentrated sulfuric acid, — 63 drops of acetic acid and 24-25 drops 
of ammonia solution per | ml. 


(e) Reagent bottles 

Reagent bottles should be well stoppered and clearly labelled. 250 ml reagent bottles are 
suitable for common reagent solutions. Acid solutions may be stored in clean glass bottles, 
or, polythene bottles. Alkali solutions should better be kept in polythene bottles. Organic 
‘solvents and organic reagents may be stored in the original bottles, preferably in a darken 
cabinet, and if necessary, may be kept inside a refrigerator. Liquid reagents for spot test analysis 
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should be kept either in dropping bottles (Fig. 3.6a) made of glass or polythene, or in pipette 
bottles (Fig. 3.6b) provided with capillary droppers. Special, costly reagents may be kept in 
Barnes dropping bottles (F ig. 3.6 c.d). For transferring drops of concentrated acids, alkalies 
etc. glass stoppered dropping bottles (Fig. 3.6e) are most convenient. Larger volumes of 





(e) 





Fig. 3.6 


concentrated acids, alkalies, ammonia and other liquid reagents, whenever necessary, may be 
transferred from the stock using clean dedicated glass tubes or droppers of appropriate sizes. 
For this purpose, glass tube (20-25 cm), smoothen at both ends by holding for some time in 
the non-luminous Bunsen flame, may be dipped into the liquid reagent by ~ 1-2 cm, and then 
the upper end may be closed with a finger in the same manner as holding a pipette. The tube 
is then taken out and required volume (or required number of drops) of the liquid reagent 
may then be transferred by loosening the finger. The unused liquid may then be returned to 
the original bottle. Since very small volumes (~ 1-2 drops or ~ 0.5-1 ml) of the liquid reagents 
are used in majority of the spot tests, this method of transferring liquid in not only most 
convenient, but also economic and less hazardous. 

Solid reagents should be kept in wide mouth, small (— 100-150 m/ capacity) well stoppered 
glass or polythene reagent bottles. Clean horn spatula or nickel or nickel plated steel spatula 
should be used for transferring solid reagents from the bottles. 


Note 


After using a reagent, the stopper, cork or cover of the reagent bottles should be replaced 
in its position to avoid any contamination. Under no circumstances a reagent bottle should 


be kept open. 
(f) Wash bottles 

In semi-micro qualitative inorganic analysis, washing of the precipitate, dilution of a solution, 
cleaning of the apparatus etc., with distilled water are very often required. 50-100 m/ capacity 
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reagent bottles, fitted with reagent droppers (Fig. 3.6 a,b) may be a suitable container for distilled 
water. For washing with larger volumes of water, wash bottles of various types (Fig. 3.7) are 
available. 250 т! flat bottomed flasks with a jet of 0.5-1.0 mm diameter, fitted at its mouth with 
a rubber cork or with full ground glass joints, are the most common types of wash bottles. These 
are mouth operated (Fig. 3.7 a,b). Polythene made wash bottles (Fig. 3.7 c.d) of ~ 100-250 ml 
capacity, having fine jets are also suitable for semi-micro operations. 








(e) (f) 
Fig. 3.7 


Wash liquid is dispensed from these polythene bottles by squeezing. For washing with hot 
water, a 100-150 m/ capacity conical flask, fitted with a hand operated rubber bulb (Fig. 3.7e) 
Is most convenient. For transferring definite volume of liquid, a small (— 25 ml) graduated 
wash bottle (Fig. 3.7f) may be used. 

(g) Drop-reaction paper 

Strips of Whatman No. | filter paper may be used for spot tests. The filter paper sheet 
may be cut into strips of 5 cm х 2 cm and 2 cm х 2 cm sizes and stored in petri dishes or 
in wide mouth and stoppered: bottles. 

Impregnated reagent papers тау be prepared by bathing the strips of Whatman No. | filter 

aper in the reagent solutions and then drying in air. Alternatively, the went solutions may 
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be sprayed on the filter paper strips, which are then dried in air. Uniform impregnation and 
uniform drying are of great significance. 

Water soluble alkali metal salts and ammonium salts are not very stable on filter papers. 
sparingly soluble salts of other metals serve as better reagents on filter paper reactions. Although 
it might be expected that insoluble reagents would slow down the reactions rates, but when 
the filter paper serves as the medium, it transforms the reagents into a fine state of dispersion, 
so that, a large surface area is available for the reactions to occur. As a result, reactions on 
filter paper are extremely rapid, even with sparingly soluble reagents, By proper selection of 
the impregnating reagent, concentration of the reactive reagent ion on the filter paper may be 


controlled as required for a test. Specificity of a particular reaction is greatly increased by 
restricting the number of possible other reactions. 


Examples (3.1) 


(1) Potassium xanthate is a selective reagent for Cu and Mo. But the reagent is not very 
stable in solution. It decomposes within a ten days. As such, it is of very little value as an 
impregnating reagent. On the other hand, sparingly soluble cadmium xanthate, impregnated 
on filter paper strips, is stable for several months and it is a very sensitive reagent for only 
Cu and Mo. 

(2) Use of sparingly soluble metal sulfides as impregnating reagents for detection of other 
metals as their sulfides on filter paper strips is strictly controlled by solubility product principle 
(cf. Sect 2.2). For a successful test, the solubility product of the sulfide of the metal ion in 
the test solution should be lower than the solubility product of the reagent metal sulfide. Thus, 
antimony (III) sulfide impregnated filter paper precipitates only sulfides of silver, copper, 
bismuth and mercury in presence of lead, cadmium, tin, iron, nickel, cobalt and zinc, as the 
solubility products (К...) of the metal sulfides imply (Table 3.1). 


Table 3.1 Solubility products (К) of some metal sulfides at 25"C 


(Kus = [M?*] (527), (Kuss = [MH [877], (Kays, = [M] [SP 


AgS 6x10% Sb,S, 15x10? PbS 2.51077 NiS 3x10- 
CuS 6x10 Fes — 6x107!5 CdS 8x1077 CoS 2x10 
Hes — L6x107?? Ві,5, 1x10” SnS 110725 ZnS 5x102 


(3) Filter paper impregnated with freshy precipitated zinc sulfide precipitates CuS (black) 
and CdS (yellow). Although a black spot due to CuS is initially visible, however, separation 
and detection of both metals are possible by adjustment of acidity and capillary separation 


technique (cf. Sect. 2.2, p-57) | | 
(4) Pale vellow (or almost white) coloured potassium zinc ferrocyanide, K,Zn. [Fe(CN), ].. 


impregnated on a filter paper, serves as a source of ferrocyanide Fe(CN), ion and provides 
highly sensitive Prussian blue test for iron (HI). 
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3.3 Reagents 
Reagents used in qualitative inorganic analysis may be divided into the following groups 
for convenience of operations. 


(1) Workbench reagents 

Reagent solutions which are frequently required in carrying out most of the reactions, should 
be kept on each individual working desk, arranged in solid wooden stand. A list of such reagents 
are given in Table 3.2 (Sect. 3.7) along with the types of reagent bottles in which these reagents 
are to be kept. 


(2) Liquid reagents 
Reagent solutions which are less frequently used, are to be kept in 50-100 ml dropping 


bottles. A list of such reagents is provided in Appendix-B1-B4, B6-B9. These reagents are to 
be kept in а common place. 


(3) Solid reagents 


Solid reagents (Appendix-B5) should also be kept in а common place in wide mouth 
stoppered bottles provided with small spatulas. 
(4) Special reagents 

special reagents should be kept inside a glass housing, provided with sliding doors. Since 
most of the special reagents are highly expensive, these reagents should be kept in small 
dropping bottles (30-50 тї), provided with reagent droppers. А list of such reagents is provided 
in Appendix-B 10. 

Reagents should be arranged in the reagent rack in the alphabetical order of their trivial 
names and the reagent bottles should be clearly labelled and serially numbered. A list of the 
reagents according to their trivial names in the alphabetical order should be displayed near 
the reagent rock for easy access. 


Note 


In using the reagents from the common rack, great care should be taken to avoid contact 
of the reagent dropper or spatula with the test sample/solution. Since the semi-micro tests are 
highly sensitive, slightest contamination of the reagent may produce wrong observation. If any 
such contact takes place by an accident, the dropper or the spatula should be thoroughly washed 
with distilled water and wiped with a clean cloth or a tissue paper. The capillary end of the 
reagent dropper should never be dipped into any other solution. 


(5) Gaseous reagents 

Gaseous reagents such as hydrogen sulfide (HS), sulfur dioxide (SO, ) and chlorine (Cl) аге 
often generated in the laboratory for preparation liquid reagents, viz, H,S—water, SO;-water, Cl,- 
water. These gases are generated in specially designed apparatus, in fume cupboard having proper 
be disposed of at a place far remote from the activity area when the laboratory session is off. 
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(a) Hydrogen sulfide (H,S) and H,S-water 
Hydrogen sulfide may be generated in the laboratory at ordinary temperature by the action 
of dilute (6M) hydrochloric acid or sulfuric acid on ferrous sulfide (FeS) in Kipp's apparatus 
(Fig. 3.8a), kept inside a Fume Chamber. 
FeS + H,SO, + FeSO, + H,S 7 
FeS + 2НСІ — FeCl, + H,S 7 
The gas emerging from the Kipp's apparatus is contaminated with acid vapours and ferrous 


salts. It should be washed free from these impurities by passing through water in a bubbler 
(Fig. 3.8b). The bubbler outlet tube should be fitted with a small piece of rubber tubing to 


H:S (р) =? 





purified cotton 
wool plug 
FeS 


6 M H;SO, 


Fig. 3.8 


ich i an thick \ j i illary and fitted 
which is connected a clean thick walled glass delivery tube drawn into a capi 
with a cork. A slow stream of H,S gas may be passed through the solution for about 20-30 
seconds in order to expel air. Then the cork is to be pushed into position (Fig. 3.8 c,d) and 
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the passage of H,S gas continued with occasional shaking until very few gas bubbles pass 
through bubbler solution. It should be kept in mind that in precipitation by H5S gas, only the 
dissolved part of the gas reacts with the metal ions in solution. So the stream of the gas should 
be so slow that the bubbles in the bubbler wash bottle can be easily counted. Otherwise, a 
huge amount of H,S gas will pass through the solution uselessly and will pollute the air. Very 
serious poisoning may occur due to inhalation of H.S gas. The tap of the H,S gas generator 
should be closed after taking the delivery tube out of the solution to avoid clogging of the 
capillary by the precipitate. Increase in the size of the gas bubbles indicates completion of 
absorption of the gas into the solution. 

In semi-micro qualitative inorganic analysis, HS gas may be lead into the test solution 
contained in a test tube or centrifuge tube avoiding loss and spattering, by means of a fine 
capillary tube constructed by drawing a 10-15 cm long glass tube of 6 mm diameter into a 
1-2 mm capillary. A piece of clean and bleached cotton wool plug is inserted in the wide part 
of the delivery tube (Fig. 3.8e). The stream of H,S gas has to be started before inserting the 
capillary head into the test solution to avoid rising of the test solution through the tube due 
to capillary action resulting in clogging of the capillary. Likewise, the gas flow has to be stopped 
after taking the capillary out of the test solution. This arrangement is very convenient for passing 
H,S gas into the solution, The fine capillary delivers tiny bubbles of the gas into the solution, 
which does not spatter in the centrifuge tube. The end of sulfide precipitation is indicated from 
the increase of size of the gas bubbles. Approximate time for saturation of a solution with 
Н,5 gas at ordinary temperature and pressure is around 2-3 minutes. 

(a) H,S-water 

A saturated solution of H,S in water, called H,S-water may be conveniently used as a 
precipitating as well as a spot reagent in semi-micro qualitative inorganic analysis. H,S-water 
may be prepared by passing purified H,S gas from a Kipp's apparatus (Fig. 3.8 a,b), freed 
from contamination, through a bottle containing distilled water and fitted with inlet and outlet 
tubes. The inlet tube is to be connected with the source of H.5 gas and the outlet tube should 
be connected with water suction pump. A slow stream of H,S gas is to be passed through, 
while shaking the bottle occasionally. The water suction pump should be run slowly as required 
just to maintain a slow but steady flow of H,S gas through the distilled water contained in 
the bottle. After saturation, the bottle containing H,S-water should be tightly corked and kept 
in à coo! place. The reagent may be supplied in 50-100 m? well stoppered reagent bottles fitted 
with reagent droppers (Fig. 3.6 a,b). It is the most convenient source of H,S in teaching and 
learning laboratories and class room demonstrations for studying the reactions of metal ions. 
H,S gas should be used only for quantitative precipitation of metal sultides. 


Note 

All operations with hydrogen sulfide including its preparation must be conducted inside 
a Fume Chamber having proper exhaust arrangement. All connections should be sealed with 
parffin wax. Hydrogen sulfide is deadly poisonous and its lethal dose is very low, almost 
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same as that of hydrogen cyanide (HCN). Its unpleasant smell fortunately repel people from 
breathing it in dangerous amount. 


(b) Sulfur dioxide (504) gas and SO,-water 


Sulfur dioxide (SO,) gas can be generated in the laboratory at ordinary temperature by 
the action of dilute (8M) sulfuric acid on sodium sulfite. 


Na,SO, + H,SO, — Na,SO, + SO, 1 + HO 


Make а slury of around 60-65 g. of anhydrous sodium sulfite and ~50 ml of water in a 
large filtering flask (1 litre) provided with a delivery tube and fitted with a dropping funnel 
with the aid of a rubber cork (Fig. 3.9). The end of the dropping funnel should be slightly 
inside the slurry. Take ~ 125 т/ 8M sulfuric acid in the dropping funnel and introduce the 
acid is small portions at a time, while shaking the flask occasionally. SO, gas is produced 
instantaneously. Wash the gas by passing it through a bubbler containing water. 





Fig. 3.9 


For preparation of SO,-water, take ~ 200 mi of ice-cold distilled water in another filtering 
flask (~ 500 ml) provided with inlet and outlet tubes. The end of the inlet tube should be 
dipped slightly into water and the outlet tube should be above the liquid and connected with 
water suction pump through a regulator. Pass a slow stream of SO, gas through the distilled 
water until saturation. Preserve the solution in a well stoppered bottle in a cool place. S0,- 
water may be supplied in well stoppered reagent bottles ( 50-100 ml) fitted with reagent droppers 
(Fig. 3.6 a,b). 


Note 
The apparatus should be set up in side a Fume Chamber and all connections should be 


sealed with paraffin wax. 
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(c) Chlorine gas (СІ,) and Cl,-water 


Chlorine gas (Cl,) may be generated in the laboratory at ordinary temperature by the action 
of dilute (6M) hydrochloric acid on (i) Calcium hypochlorite Ca(OCl), or bleaching powder 
or (и) Potassium permanganate (KMnO,) : 

Са(ОСІ), + 4HCI > CaCl, + 2СІ, Т + 2H,0 
2KMnO, + 16НСІ — 2KCI + 2MnCl, + SCI, T + 8H,0 


(i) From Calcium Hypochlorite > 


Moisten a 1:1 mixture of calcium hypochlorite or bleaching powder and gypsum powder 
(CaSO,.2H,O) with little water and prepare small lumps of the mixture. Allow the lumps to 
dry in air. Introduce the lumps (~ 50g) into a large filtering flask (1 litre) having a delivery 
tube and fitted with a dropping funnel with aid of a rubber cork (Fig. 3.10). Cover the lumps 
with a little water and dip the end of the dropping funnel into it. Introduce ~ 125 ml of 6 
(M) hydrochloric acid, in small portions at a time with CAUTION, from the dropping funnel, 
while shaking the flask occasionally. Chlorine gas is liberated instantaneously. Wash the gas 
by passing it through an aspirator containing water. 
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KMnO, ^ water / 
Ca(OCl), + water 
Fig. 3.10 


For preparing chlorine-water, pass the purified and washed СІ, gas through ~ 200 ml of icc- 
cold distilled water taken in a filtering flask (~ 500 m/) provided with inlet and outlet tubes. The 
end of the inlet tube should be dipped into distilled water. The outlet tube should be connected 
to a water suction pump. A slow stream of Cl, gas should be passed through water until saturation. 
Cl,-water solution should be stored in well corked dark coloured bottles in a cool place, It may 
be supplied in 50-100 m/ reagent bottles fitted with reagent droppers (Fig. 3.6 a,b). 
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(11) From Potassium Permanganate 


| Cl, gas may also be prepared at ordinary temperature by treating a slury of ~ 15 g of KMnO, 
with ~ 125-130 ml of 6 (M) hydrochloric acid in a same type of apparatus (Fig. 3.10) as described 
lor preparation of the gas from calcium hypochlorite, Cl;-water may be prepared, stored and 
supplied in the same manner as described. 


Note 


The apparatus for generation of SO, and Cl, gases should be set up inside a Fume Chamber 
and all connections should be sealed with paraffin wax. The apparatus should be dismantled 
at a place remote from the activity area when the laboratory session is off. 


3.4 Semi-micro Operations 


Techniques of cleaning, preparation of the test sample/solution, heating, digestion, 
evaporation, boiling, distillation etc. will be discussed in this section. Techniques of separation 
by filtration/centrifugation and special techniques for identifying gaseous reaction products will 
be discussed separately in the following sections. Principles of separation by chromatography. 
ion-exchange, solvent extraction have been briefly discussed in Chapter-2 


(a) Cleaning of apparatus 


Scrupulous cleanliness is absolutely essential for trustworthy results in semi-micro analysis, 
All apparatus should be thoroughly cleaned with chromosulfuric acid (chromic acid solution) (cf. 
Appendix-B1) or by brushing with cleaning powders or cleaning solutions. Special types of brushes 
(Fig. 3.2 b,c) may be used for cleaning the inside of the test tubes, centrifuge tubes and other glass 
apparatus. Commercial pipe cleaners may also be used for this purpose. The apparatus should then 
be throughly washed with running water and finally washed repeatedly with distilled water. 

The washed apparatus should be allowed to drain out water either by holding on stands 
or by inverting on a beaker having several folds of blotting paper or filter paper at the bottom 
to absorb water. Small towel, clean cloth etc. may also be used to wipe out water from the 
larger apparatus. Glass tubes, droppers etc. should be cleaned immediately after use. Droppers 
should be cleaned by removing the rubber teats and passing distilled water repeatedly through 
the glass tube. The teats should be cleaned by repeatedly filling with distilled water and squizing 
out. Clean apparatus should be covered with dry linen glass cloth or polythene sheet. At the 
end of the laboratory session, the cleaned apparatus should be kept in covered boxes or in 
desks, so that these remain clean for future use, 


(b) Preparation of test samples/solutions 


Solid samples subjected to spot test analysis should be first brought into solution by 
dissolution in water, acids, caustic alkalies, or by fusion [with anhydrous Na,CO, or potassium 
hydrogen sulfate, KHSO, (the actual reactant is potassium pyrosulfate, K,S,0;)] followed by 
extraction with water. Some times volatilization, extraction with organic solvents, 
chromatography and ion-exchange separation techniques are also employed for separation and 
identification of inorganie radicals. Whatever treatment is employed, rapid and complete 
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reaction for dissolution occurs if the material is in a finely powdered or pulverized state, which 
provides maximum reactive surface area to the sample for 
dissolution. Agate mortar or, good quality glass or porcelain 
mortars with pastels of the same materials 
(Fig. 3.11) are commonly used for pulverizing the solid 
samples. 

Very hard particles may be broken with steel mortars 
before fina! pulverizing in an agate mortar. 





(c) Dissolution 


For dissolution of solid samples or for extraction of fused melts or for preparing NaOH or 
Na,CO, extracts, small amount (~0.5 g) of the material may be placed in 
a small (~ 25-50 m/) conical flask along with 5-10 тї of distilled water, 
acid, alkali etc. as required. The mouth of the conical flask should be 
covered with a small funnel (Fig. 3.12) to prevent loss due to bumping and 
spattering. The funnel cover also acts as a condenser to prevent loss of the 
liquid due to evaporation. The conical flask with its contents should be 
placed on a wire-guage or asbestos board as required and heated in the non- 
luminous flame ofthe burner. Heating may also be conducted on a hot plate, 
sand bath, steam bath or hot water bath as required. Digestion with volatile 
acids (HCI, HNO, aqua-regia etc.) or reactions involving liberation of 
gaseous products such as H,S, SO,, NO,, NO, NH, etc. should be 
conducted inside а Fume Cupboard. 





(d) Heating, Evaporation, Drving, Fusion, Ignition test sample + reagent 


These operations require moderate to strong heating of the solid sample Fig. 3.12 

or the test solution alone or with appropriate reagents. Evaporation is often 

required for concentrating the solutions, removing solvents etc. Evaporation to dryness is carried 
out to isolate the dissolved solute in the solid state from a solution. In either case, evaporation 
requires moderate heating, which may be carried out by gentle heating on an asbestos board or 
on a hot water bath. Strong direct heating for a longer time in the hotest part of the Bunsen flame 
(cf. Fig. 6.1) may be required for fusion, which may be carried out on platinum spoon (Fig, 3.1 3a), 
in fusion tubes or on mica foils. in special cases on a platinum wire loop. 

$$$! mm. (c) 








Hot block 





и — of solutions may be conveniently carried out in small beakers, porcelain or silica, 
platinum or nickel micro crucibles. It is often necessary to carry out the evaporation at low 
temperature to avoid decomposition of certain compounds. Evaporation at low temperature ma 

be achieved under reduced pressure, An apparatus for evaporation under reduced pressure 3 
shown in (Fig. 3.14а). An aluminium block (A) with 2-3 cavities for housing micro — 
(C), fitted with a hole for a thermometer (T) is taken. A bell iar (B) with a ston cock is — 
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Fig. 3.14 


plate. The assembly thus functions as а small vacuum desiccator 


when the bell jar is connected with a suction pump through a regulator. The aluminium block 
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is gently heated and the suction pump is switched on. The liquid taken in the crucibles (C) are 
thus subjected to evaporation under reduced pressure at low temperature. When the volume of 
the liquid to be evaporated is small, it is even possible to evaporate the liquid while still in 
а semi-micro centrifuge tube or a test tube, placed in a hot water bath fabricated in a beaker 
(~ 250 ml) provided with an adaptor cone for holding the tube (Fig. 3.14b). Dry air, filtered 
through a piece of clean cotton wool is blown over the surface of the liquid. If the temperature 
of the hot water bath is not adequate, a sand bath or an air bath may be used for heating at 
higher temperature. 


Water bath 


Small water baths for micro beakers and semi-micro test tubes may be fabricated in a beaker 
(250 ml or 400 ml). Two circles made of aluminium sheets, one having diameter slightly smaller 
and the other having diameter slightly larger than the diameter of the test tube, are connected 
coaxially with the aid of an aluminium rod fixed through the centers of the two circles. Coaxial 
holes for fixing the test tubes and micro beakers are cut on these circles in such a manner 
that the diameters of the holes on the upper circule are slightly larger and diameters of the 
lower holes are slightly smaller than the outer diameters of the test tubes and micro beakers, 
so that the latter can stand vertically fixed inside the beaker (Fig. 3.15). Now fill the beaker 
with water, so that the water level remains slightly (~ 1 cm) above the level of the lower circle. 
Heat the water to boiling. This arrangement is most convenient for evaporation of volatile 
liquids, drying of the precipitates and spot papers. 








do, 
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Air bath — 


Air bath and sand bath are used for evaporation 
or heating at higher temperatures. A semi-micro air 
bath may be constructed inside a nickel crucible 
(~ 30 ml) (C), put on a silica pipe triangle (Т). The 
trangle supports the semi-micro beakers (B) or 
semimicro crucibles which are suspended inside the 
nickel crucible through a lateral slit (S) (Fig. 3.16) 
made of a copper wire. 

Temperature inside the air bath may be cheked by 
suspending a thermometer inside the crucible, The test 
tubes and micro beakers placed in the air bath are 
protected from very high temperature of direct heating 
due to the metal shield. The bath may also be filled Fig. 3.16 
with sand to form a sand bath. The test tubes, micro beakers etc. containing the liquid to be 
evaporated, may be placed inside the sand bath, which is heated with a Bunsen bunner. 

For evaporation of volatile liquids, forming clouds of acid vapours or noxious gases, the 
apparatus should be placed inside a Fume Cupboard. Alternatively an arrangement of a hood 
for semi-micro qualitative work may be fabricated with the aid of an inverted funnel connected 
to an aspirator pump (Fig. 3.17). 
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Fig. 3.17. Е = inverted funnel, С = crucible, Н = heater, S = stand 
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(e) Heating of solutions 

Solutions in semi-micro test tubes and centrifuge tubes 
can not be boiled for the danger of bumping and spattering 
of hot liquids. Bumping and spattering may he minimized 
by inserting an anti bumping tube (Fig. 3.18a) into the 
solution. The length of the anti bumping tube should be 
- | em longer than the length of the test tubes for easy 
removal of the same from the test tube. The test tube 
should be heated on all its sides by whirling it around the 
Пате of a micro burner (Fig. 3.18b) with constant gentle 
shaking in practiced hands. (a) (b) 

While heating, the mouth of the test tube should be Fig. 3.18 
directed away from the others working nearby, However, 
safe heating for evaporation may be accomplished by placing the test tube with its contents 
on à steam bath or hot water bath (Fig. 3.15). 





(f) Transferring of solid samples/reagents and precipitates 


Solid samples and solid reagents may be transferred with the aid of small spatulas made 
of nickel or monel metal (Fig. 3.13 b.c). Small sized horn spatula are also very convenient 
for this purpose. Transferring of a precipitate from one container to another is difficult and 
needs skillful operation. In semi-micro qualitative analysis, actual transferring of a precipitate 
{гот a test tube or centrifuge tube to another is rarely necessary. However, when such transfer 
is essential. a few drops of the wash liquid or the reagent solution itself may be added and 
the precipitate may be agitated with a small glass stirring rod (Fig. 3.4 a,b). The resulting 
suspension may then be transferred with the aid of а reagent dropper (Fig. 3.5a) and ejected 
to another container as required. The accompanying liquid, if necessary. may be removed by 
centrifugation. If the precipitate has to be subjected to further tests, the suspension may be 
directly ejected on a spot plate containing the reagent. If the precipitate has to the evaporated 
to dryness. the suspension may be directly poured into an evaporating dish or a crucible, while 
still agitating with a strirring rod. The original test tube/centrifuge tube may be washed with 
а fine stream of washing solution or water from a capiltary dropper (Fig. 3.5b). 


3.5 Separation Techniques 
(a) Chromatographic separation on filter paper 


Separation means isolation of the constituents of a mixture. Separation operations are time 
consuming, tedious and invariably involve loss of materials. For these reasons, separations are 
always intended to be avoided in chemical analysis by adopting alternative procedures. The 
most elegant method to avoid mechanical separation, is masking, in which the undesired 
materials are rendered unreactive by transformation into soluble complexes or pseudosalts, by 
addition of auxiliary reagents. But in the analysis of unknown inorganic samples, separation 
often become unavoidable, particularly for classification or isolation of the unknown materials 
into certam analytical groups for subsequent spot test experiments. 
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Precipitation followed by filtration or centrifugation remains the standard and the most 
frequently used method of analytical separation. In spot test experiments, either by bringing 
together a drop of the test solution and a drop of the reagent on a drop reaction paper or 
by adding a drop of the test solution to a spot paper impregnated with the reagent. insoluble 
compounds are often precipitated directly on the filter paper itself. The soluble products along 
with unchanged materials, if any, in the test solutions, undergo capillary diffusion (cf. Sect. 
2.5.1) and occur on the circular zone surrounding the precipitate. Thus, both precipitation as 
well as filtration are accomplished on the surface of the filter paper. Additional spot tests can 
even be conducted on the precipitate as well as on the circular zone surrounding it. Purification 
of the precipitate by washing with water or a suitable washing solution may be carried out 
by adding the washing liquid on the spot with the aid of a capillary tube or a capillary dropper. 
If the filtrate is not required for any additional test, the circular zone surrounding the precipitate 
may be completely removed by bathing the fitter paper in the washing solution. 

The spot may be fixed on the filter paper by drving. Drying fixes the precipitate more 
firmly in the cavities of the paper, so that the precipitate is not washed away by the washing 
liquid. But strongly acidic and strongly alkaline solutions can not be used for spot reactions 
on filter paper. More over, test requiring prolonged heating, or, those requiring larger volumes 
of liquids, can not be carried out on the filter papers. 


(b) Cotton filters and filter tubes 


When the precipitate is of no 
further interest, and the volume of 
the liquid is relatively large, a 
portion of the liquid may be 
withdrawn with the help of a 
pipette or a capillary dropper. The 
fine constricted end of the dropper 
or pipette may be closed with a 
wad of pure cotton wool drawn out i? 
to a point (Fig. 3.19 a.b). The clear 
liquid, free from the precipitate, 
ascends the capillary of the pipette 
or dropper and may be used for 
spot test after removing the cotton 
pad carefully and washing the tip. 

Alternatively, a — semi-micro 
sintered glass filter tube may be 
placed in a semi-micro test tube or 
a centrifuge tube of suitable size 
(Fig. 3.19c) and the combination 
may be subjected to centrifugation. 
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The liquid is collected in the tube, while the precipitate remains on the sintered glass filter. 
Washing of the precipitate may be avoided by this technique. 


(с) Hand suction filtering pipettes 

A hand suction filtering pipette may be fabricated as follows. Take a T' shaped glass tube 
(short middle arm A, — 2-3 cm, two terminal long arms B+C, 10-12 cm, diameter ~ 5-6 mm) 
(Fig. 3.20). Attach а rubber bulb to the short arm A. The terminal arm B should be ground 
and flat. The arm C should be drawn into a fine capillary. Fix a short piece of rubber tubing 
D over the top of B. Take a filtering disc E or a circular piece of Whatman No. | filter paper 
strip of same diameter as the outer diameter of the tube B and place the same (E) on the 
flat ground surface of B. Support the disc E by placing another small glass tube F of the same 
diameter as B on it and fix В,Е and F together by sliding the rubber tubing D, just far enough 
over E to hold when F is removed. 
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(d) Emich filter sticks 


Emich filter sticks (S) consist of a narrowed glass 
tube filter with an asbestos pad (A). The stick is 
fixed into a heavy wall suction tube (B) with the 
aid of rubber cork (C). A rubber bulb (D) is fitted 
with the delivery tube of B for suction (Fig. 3.21). С 
A micro test tube receiver E for collecting the filtrate 
is placed inside the suction tube B in such a manner 
that the narrow and of the Emich filter stick tube 
(5) remains inside the receiver tube (E). 

The solid liquid mixture to be filtered, is placed on 
the top of Emich filter stick, while keeping the rubber 
bulb (D) squized. Оп releasing the rubber 
bulb (D), the filtered liquid is collected into the receiver 
tube (E). 


(e) Centrifuge and Centrifugation 

(i) Centrifuges 

Centrifugation is a process of separating two 
substance, differing in density, with the application 
of centrifugal force, the magnitude of which may be several times greater than the 
gravitational force acting on these substances. In semi-micro qualitative inorganic 
analysis, separation of a precipitate from the solution may be conveniently carried out 
by centrifugation, which is much faster than filtration operation carried out in macro 
analysis. The liquid containing the precipitate is placed in a semi-micro centrifuge tube 
or in a semi-micro test tube (Fig. 3.1). In a similar tube, an equal weight of water 
is to be taken and the two tubes should be placed in diagonally opposite buckets of 
the centrifuge (Fig. 3.22, 3.23). The centrifuge cover is placed in its position and then 
rotation is started, slowly at first, then at gradually increased speed. It is kept at its 
highest speed for — 30-40 seconds and then switched off and the buckets are allowed 
to come to rest on their own. Rotation of the buckets should not be stopped 
mechanically, as this may cause agitation, leading remixing of the solid with the liquid. 
Before the start of centrifugation, care should be taken so that no solid parties adheres 
to the inner wall of the centrifuge tube. Since surface tension effects prevent the surface 
particles from settling, the mixture should be agitated with a stirring rod, any particle 
still adhering to the wall of the test tube should be washed down with a few drops 
of water with the aid of a capillary dropper and then the mixture should be subjected 
to centrifugation, Broken and cracked centrifuge tubes should never be used. 





Fig. 3.21 
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Two types of centrifuges are in common use : 
(1) Hand driven 2-bucket centrifuge with protecting bowl cover (Fig. 3.22). 





Fig. 3.22. Hand driven centrifuge. A = running position, B = resting position. C = removable lid, 
L = lifting knob for lid, Н = operating handle, О = oiling hole. 

(2) Electrically driven variable speed centrifuge with protecting bowl cover (Fig. 3.23). 
These are of two types : (a) swing out bucket type (Fig. 3.23) and fixed angle bucket type. 
In the swing out type. the buckets swing out to horizontal position when the centrifuge is in 
operation. In the fixed angle type, the buckets remain fixed at angular position by means of 
rubber adapters, as such the instrument acts as an angle centrifuge. 
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Electrical centrifuge, after start, should never be left of. It should be immediately switched 
off if any unusual sound (due to breaking of glass tubes) or, vibration or heating effect is 
observed and the matter should be brought to the notice of the Laboratory Supervisors. 

After centrifugation, the tubes are to be taken out from the buckets and the liquid is to 
be separated carefully with the aid of a capillary dropper or with a transfer capillary, avoiding 
stirring of the precipitate leading to remixing of the solid and liquid. The capillary should 
approach the bottom of the tube but should not touch the precipitate, nor the withdrawal of 
the capillary should cause any agitation in the solution. 

Centrifugation is a much speedier operation than filtration. Since the precipitate is 
concentrated in а small volume at the bottom of the centrifuge tube or semi-micro test tube, 
the precipitate is clearly visible and its relative amount can be estimated (Fig. 3.24a) 

The precipitate can be conveniently washed by repeated centrifugation, each time after 
stirring with the washing liquid, Even corrosive liquids, concentrated acids, alkalies may be 
easily manipulated in practiced hands. 





(i) Collecting Centrifugate and Washing of the Precipitates 

When the precipitate has to be subjected to a chemical test, it has to be washed free from 
the adhering solution to avoid contamination and interference in the test. In majority of the 
cases, in qualitative inorganic analysis, the washing liquid is water, containing small amount 
of the precipitant for common ion effect. Some times, dilute solution of an indifferent electrolyte, 
such as ammonium nitrate is added to check the formation of colloidal materials through 
peptization of the precipitate. (с) (д) 

After centrifugation, the precipitate collects at the 
bottom of centrifuge tube (Fig. 3.24a,b). The 
centrifugate may be collected from the centrifuge tube 
with aid of a capillary dropper or with a transfer 
capillary (Fig. 3.24 c,d). The precipitate should not үд) 
be agitated in removing the centrifugate. The dropper 
or transfer capillary should be pushed toward the 
bottom of the solution in the manner that the point 
of the capillary always remains just below the surface 
of the liquid. 

The operation should be repeated until the entire 
solution is collected in the dropper and the dropper 
tip should be held ~ | mm above the precipitate. The 
supernatant liquid may be collected in a clean test 
tube with the aid of a dropper pipette. 

For washing of the prerpitate while still in the 
centrifuge tube, add 8-10 drops of distilled water or 
other washing liquids as necessary, shake or stirr the 
mixture thoroughly using a glass stirring rod or a 
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platinum wire. Then centrifuge the mixture by counter balancing the centrifuge tube against 
another of the same kind containing water up to the same level as the test solution. The first 
washing may be mixed with the centrifugate, whereas, the subsequent washings may be 
discarded in the manner just described. The operation may be repeated two to three times to 
ensure complete washing. 


(iti) Theoretical Basis of Centrifugation 

When a mixture of suspended solid particles and a liquid is subjected to centrifugation, 
the particles settle to the bottom of the liquid at a much faster rate than their normal rate 
of settling under the influence of gravity. Suppose particles of average mass mr grams are 
suspended in a liquid. When subjected to centrifugation, the solid particles move in à circle 
of radius, ‘a’ cm and make ‘n’ number of revolutions per second (Fig. 3.25.). 





Fig. 3.25 


The centrifugal force (F с) acting on the particles will be, 


2 
_ mv 
F, = mj = TS 


where, f is the acceleration in cm.sec^?, v is the velocity in cm.sec^!. Since, v = 2n, therefore. 


2: 2 


2лап)? 
F, = sn zmámn^an 


where, 7 = 3.1416. When the particles are in resting position, they tend to settle down 
under the influence of gravitational force (F), defined as, 
Fi = mg. 
where, g is the acceleration due to gravity = 981 cm.sec?, The relative rates of settling 
of the particles under the influence of centrifugal force (F.) and gravitational force (F,) will 
depend upon the relative magnitudes of the two forces : 


F. mámam _ Ап?ап 
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If the centrifuge makes N revolutions per minnute (R.P.M.), then the number of revolutions 
per second (л) will be equal to, (N/60). 


Е. 4x'a( N / 60y _ 4(3.1416)aN? 


Hh g (98160)? 


If the centrifuge revolves in a circle of 15 cm radius at a speed of 1725 R.P.M., the above 
ratio will be, 





= 1118 x 10a N? 


= 1.118 x 10? x 15 x (1725)? = 499 = 500 


Er |6" 


Y К = 500. " 


Thus, the centrifugal force (Е) will be ~ 500 times stronger than the gravitational force 
(F 2) So the time for settling under the influence of centrifugal force will be (1/500)th. of the 
time for settling under gravity. If a particle takes ~ 10 minutes to settle under gravity, it will 
settle within (10/500) minutes, or (10*60/500) seconds i.e, ~ 1.2 seconds on centrifugation 
in the above mentioned centrifuge. 

Now, when a solid particle moves through a liquid, as in the case of settling of a precipitate, 
the thin layer of the liquid, that is in immediate contact with the solid, is virtually stationary. 
just as the flow of a liquid through a tube. As a result, a viscous force of resistance (viscous 
drag) is exerted on the moving solid. A steady force must, therefore, be acting on the particle 
in order to maintain a uniform downward velocity, overcoming the influence of viscosity of 
the liquid. If the moving particle is a spherical solid of radius, r, and if it moves with a velocity, 
и, through a liquid of viscosity coefficient, 1], viscous drag (F,), according to Stokes law, 15 
given by, 

F = 6anru 

When such a spherical body falls under the influence of gravity, the constant downward 

force (F,) acting on the body is given by, 
Е, ^ 3r lp, T Pig 

where, p, and p, respectively are the densities of the falling solid and the virtually stationary 
liquid, through which the solid falls, the other terms have their usual meanings as already 
described. Stokes equation indicates that the opposing force of viscosity (F,) increases with 


increase of velocity (и) of the settling particle, which gradually attains a constant speed when 
the viscous drag (F,) is exactly balanced by the gravitational pull (F,) i.e., 


ó6nnru = ($ ar’)(p, = pi)g 


Thus, the velocity (u) of the falling body is given by, 


I 2 gr" (p, Е: ру) 
и = wp 
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In case of settling down of a precipitate in a test tube containing the solid and a liquid, 
u is the uniform rate of settling. As the above relation implies. the rate of settling of a precipitate 
will increase with: 

(1) increase of particle size fr), 

(ii) increase of the density difference (p.—p,) between the falling solid and the virtually 

stationary. liquid, 

(iii) decrease of viscosity coefficient (7) of the liquid, 

(iv) increase of acceleration due to gravity (gj. 

Although the influences of the above mentioned factors are comparatively small, but it 
is observed that fine crystalline compounds, in contact with the solution in which they are 
precipitated, tend to grow in size, particularly when the solution is kept at an elevated 
temperature, readily sink down or settle down on occasional shaking or stirring the solution, 
or on addition of electrolytes. Heating to boiling temperature of the solution also accelerates 
settling. Increase of temperature lowers the viscosity (7) of the liquid and also increase the 
density difference (p,-p,) between the solid and the liquid. 

Thus, stirring. warming and heating to boiling accelerate settling and so the solution should 
be subjected to any of these operations before proceeding to centrifugation. 


(f) Other methods of separation 


Principles of chromatography, ion-exchange, solvent extraction, and electrographic methods 
as applied to qualitative inorganic analysis, have been briefly discussed in Chapter-2. and these 
will not be repeated here. 


3.6. Identifving Gases 


Qualitative inorganic analysis involve three kinds of manipulation with gases and vapours: 
(i) Gases (vapours) employed as reagents for precipitation, acid-base and oxidation- 
reduction reactions. 
(ii) Gases (vapours) liberated as reaction products that are subsequently identified by their 
characteristic chemical tests. 
(iii) Distillation of certain reaction. products that are subsequently identified by their 
chemical tests. 
Consequently, the apparatus for manipulation of gases (vapours) depend upon the purpose 
intended. 
(a) Gases as reagents 


In qualitative inorganic analysis, gases such as H,S, SO,, Cb, NH,, CO, are frequently 
used as reagents. Apparatus for generation, storing of H5S, SO, and СІ, gases and their aqueous 
solutions have been described in section 3.3. Ammonia gas, as and when required for inorganic 

qualitative analysis, may be used by holding the test materials in a filter paper strip over an 
open bottle of concentrated ammonia inside a Fume Cupboard. CO, gas if necessary, may 
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be generated by the reaction of sodium carbonate or calcium carbonate 
^ ith dilute hydrochloric acid in an apparatus similar but much smaller 
in size to that employed for preparation of SO, or Cl, gas. 

Spot reactions on paper involving the reaction of the test materials 
with reagent gases such as H-S, $О„, NH,, halogens (СІ,, Br,) and steam 
may be carried out by using mini gas generators or streamers, made of 
a hard glass test tube or a small conical flask having a side arm and fitted 
with a fine capillary tube at its mouth with the aid of a rubber cork (Fig. 
3.26). The gases generated within the streamer are lead to a strip of filter 
paper impregnated with the test solution and placed on the open mouth 
of the side arm. If necessary, the contents of the streamer may be gently 
warmed. 


(b) Identification of gaseous reaction products 





Apparatus for detection of gaseous reaction products such as H,S. 
SO,, NH,. AsH,. Cl,, Bra, NO,, CrOsCI, etc. liberated from the reactions 
of sulfide, sulfite/thisulfate, ammonium salts, nitrates/nitrites, arsenic Fig. 3.26 
compounds, halides etc. with appropriate reagents are shown in Figs. 3.27 and 3.28. These 
apparatus may be designed in semi-micro test tubes (5-10 m/). In the simplest type of these 
apparatus (Fig. 3.27a), the test material is treated with acid or alkali and or other reagents 
in a 5-10 m/ semi-micro test tube. A piece of clean cotton wool plug is placed near the mouth 
of the test tube. A small filter paper strip impregnated with the appropriate reagent is held 

reagent paper at the mouth of the test tube. In another 

modification (Fig. 3.27b) a small piece of 
glass tube may be fixed with the aid of rubber 
cork at the mouth of the test tube containing 
the test material and the attacking reagents. A 
small piece of clean cotton wool plug is 
inserted inside the glass tube. The reagent 
paper is held at the mouth of the glass tube. 
The reagent paper may also be brought into 
contact with the gaseous products by hanging 
the same inside the reaction tube or flask (Fig. 
3.28 a.b) with the aid of a platinum wire loop. 
The contents of the test tube is gently warmed 
> if necessary to facilitate gas evolution. The 
(а) (b) gases evolved from the reaction inside the test 
Fig. 3.27 tube is absorbed in the reagent paper and give 


the characteristic observations. The reagent paper strips may also be hung inside the reaction 
tube containing the test material and the attacking reagents. To avoid contamination due to 
bumping and spattering, the reagent paper тау be placed inside a glass tube with a cotton 









test sample * reagent 


| 227 | 





wool plug, fitted inside the reaction tube with the aid of a rubber cork (F Ig. 3.29a). With the 
aid of a glass tube having a capillary head, fixed at the mouth of the reaction tube with the 
help of a rubber cork, a drop of a liquid reagent may also be hung inside the reaction tube 
(Fig. 3.29b). 


reagent paper 





reagent paper 
reagent paper 
cotton wool | 
plug rh 
test sample + reagent | 
(a) (b) ) 
Fig. 3.28 Fig. 3.29 


If the gaseous product is inflamable, if may be ignited at the head of an angular glass 
tube fixed at the mouth of the reaction tube with the aid of a rubber cork (Fig. 3.30a). A cotton 
wool plug may be inserted inside the reaction tube. The contents 
of the reaction tube may be heated on a semi-micro burner to 
facilitate gas evolution and the gas may be ignited by holding 
the mouth of the angular glass tube near the non-luminous flame 
of the burner. 

For identification of a gaseous product in presence of other 
indifferent gases, a semi-micro test tube fitted with a glass or 
rubber stopper, attached with a funnel (Fig. 3.30b) is most , 
convenient. A filter paper impregnated with the desired reagent KAK 
is attached to the funnel fixed to the stopper. The filter paper 
permits the passage of the indifferent gases, whereas, the gas that 
reacts with the reagent is only retained and identified by 
subsequent spot test. 

(c) Semi-micro distillation 

A semi-micro test tube (T), fitted with a delivery tube, 
doubly bent at right angles (Fig. 3.31) may be used as д ©Ў^ 
distillation apparatus. A micro test tube or a small crucible (a) 
containing a suitable absorbing liquid (A) for the issuing gas 


reagent paper 
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may serve as a receiver (R). The absorbed gas may then be identified by the colour of the 
product it forms with the absorbing reagents, or the solution resulting from absorption of the 
gas may be transferred on to a spot plate or a filter paper strip for further tests. 


test sample 
* reagent 





Fig. 3.31 


3.7. Workbench Apparatus, Equipment and Reagents 


The following apparatus, equipment are and reagents required for each workbench in a 
semi-micro qualitative inorganic analysis laboratory. 


(a) Glass, porcelain wares 


Wash bottle with jet (250 ml, 100 ml) [Fig. 3.7] 

Beakers : 250 ml (1), 100 mi (1), 50 ml (1), 25 ml (1), 10 ml (1). 

Conical flasks : 50 mf (1), 25 ml (1), 10 ml (1). 

Test tubes : 7.5 em x 1 cm (4 ml) with rim (6), without rim (2) 

Filtering apparatus (Figs. 3.19, 3.20, 3.21 one each). 

Gas identifying apparatus (Figs. 3.26-3.32, one each). 

Droppers complete with teats and rubber bulbs : medicine type (2), reagent type ( 2), 
capillary type (2), [Fig. 3.5]. 

Centrifuge tubes (3 тї) (4). 

Boiling tubes (6 cm х 2.5 cm, ~ 20 ml) (2). 


. Anti bumping tube (1) [Fig. 3.18]. 

. Wooden stand for test tubes (1). for droppers (1). 
. Spot plate (6 cavities) (1). 

. Watch glass (3.5 cm dia) (1). 

. Measuring cylinder (5 mf) (1). 

. Funnel (3 cm) (1) 





16. Capillarv tubes. 

17. Evaporating dish (1). 

18. 25 m! wide mouth stoppered bottles filled with: (i) 2 cm х 2 em filter paper strips 
for drop reation (1), (ii) clean cotton wool (1), (iii) blue litmus paper strips (1), (iv) 
red litmus paper strips (1). 

19. Porcelain crucible (6-8 тї) (1). | 

20. Glass tubing : 30 єт (4 mm dia.) (1), 10 cm (3 mm dia.) (1). 

21. Glass rod for stirring : 30 cm (3 mm dia) (1), 10 cm (3 mm dia.) (1). 

22. Cobalt (double blue) glass (3 em х 3 cm) (2). 

23. Silica pipe triangle (1). 

24. Dropping bottle (labelled “Distilled Water") (1). 

25. Microscope slides (2). 

26. Fusion tubes (6). 

27. Mica foils (2 cm х 2 ст) (2). 

28. Morter pastle (1). 


(b) Metallic utensils 


Platinum wire (5 cm of 0.3 mm dia.) (1). 

Semi-micro metallic spatula (2) [Fig. 3.13]. 

Forcep (10 cm) (1) 

Test tube holder (1) [Fig. 3.2]. 

Test tube brush (1) [Fig. 3.2]. 

Pipe cleaner. 

Tripod stand with wire gauge (1) for water bath [Fig. 3.15]. 
Nickel erucible for fusion and air bath [Fig. 3.16]. | 
Hot block (1) [Fig. 3.14]. | 
10. Burners : Bunsen type (1), semi-micro type (1) 
11. Tongs (1) 

12. Air bath (1) [Fig. 3.16]. 

13. Water bath (1) [Fig. 3.15]. 

14. Lead crucible with lid (1). 


(c) Rubber goods 

|. Rubber stoppers/corks for conical flasks, test tubes, gas absorption tubes etc. (1 cm * 
1 cm) (2), (1.5 em х 0.5 em) (2). 

2. Rubber tubings : (10 cm х 3 mm) (1) for connecting glass tubes, (5 ст х 5 mm) for 
filter tubes. 


(d) Equipment for common use 
|. Centrifuge (hand operated/electrically driven) 
2. Water bath (gas heated/electrically heated) 
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^. Water suction pumps 

4. Гите cupboard 

5. Hair drver 

6. Hot plate/sand bath 

7, Table brush 

8. Hot air oven (110°C) 

9. Cooling blocks 

10. Cation and anion exchange resin columns. 

11. Apparatus for electrophoresis (for P.G. lab.) 
12. Apparatus for electrography (for P.G. labs.) 
13. Microscope (students model) (for P.G. lab.) 


(e) Equipment for personal use 


I. Appron (1) 

2. Eye protecting glass (1 pair) 
3. Hand gloves (1 pair) 

4, Small towel (2) 


(f) Workbench reagents 
Table 3.2. : Most frequently used liquid reagents. 


Reagents to be kept in glass stoppered bottles (Fig. 3.бе) 





Acids Concentrated Dilute 


Hydrochloric Acid 12 M 6M, 2M 
Sulfuric Acid i8 M (36N) 9M. 4M, ІМ 
Nitric Acid 16 M 6M. 2M, 1M 
Acetic Acid 17 M 


Reagents to be kept in bottles fitted with reagent droppers [Fig. 3.6 a,b). 


Reagent Concentration Reagent Concentration 
Sodium hydroxide 2M H,S-water 0.1 M 
Conc. ammonia 15 M Barium chloride 025 M 
Dil. ammonia 2M Silver nitrate 0.1 M 
Dil, acetic acid 2M Ferric chloride 0.5 M 
Potassium hydroxide 2M Potassium chromate 0.1 M 
Ammonium sulfide | M Potassium ferricyanide 0.033 M 
Ammonium carbonate | M Potassium ferrocyanide 0.025 M 


Disodium hydrogen phosphate 0.033 M Ammonium thiocyanate 0.1 M 
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3.8. Do's and Don'ts : 


Ll 


Healthy Laboratory Practices and Precautions 


. Keep your working bench neat and clean. Use a string duster to wipe up the liquid 


drops and solid particles from the working bench. Clean the glass and porcelain wares 
by washing with water or with a suitable liquid as required, finally wash with distilled 
water 


. Do not keep the reagent bottles open and do not leave the reagent droppers and reagent 


bottle stoppers on the working bench, as these may contaminate the reagents. Keep 
а 15 cm х 15 ст clean glass plate on the working bench for this purpose and clean 
it after use every time. After using a reagent, the reagent bottle should be closed with 
its stopper or the dropper and kept in the proper place on the rack. 


_ Avoid misuse of chemicals, water and gas supply. Adjust the size of the Bunsen flame 


as required. The burner should be extinguished when heating is not required. Do not 
keep the water taps open when these are not in use. Use droppers, spatulas, spoons 
etc. for transferring chemicals so as to avoid the use of unnecessary excess of reagents. 
Do not use filter paper strips for transferring chemicals. 


. Do not throw filter paper strips or broken test tubes or any other solid object on the 


wash basin, sinks, floor, or in water outlets, since these may eventually clog the waste 
water flow. Waste solid materials should be thrown into a bucket maintained for this 
purpose and kept at a corner of the laboratory. 


. Strong acids and strong bases should not be directly thrown into the sink, which may 


be damaged by these reagents. Before throwing into the sink, dilute the strong acids 
and strong bases with large volumes of water and then flush out through the sink with 
much water. 


. Wear appron whenever working in the laboratory. Use hand gloves and wear eye 


protecting glasses when working with hazardous chemicals and doings reactions 
involving liberation of gases, vapours, fumes etc. Do not eat or drink anything while 
working in the laboratory. Clean your hands and faces thoroughly before taking any 
food after working in the laboratory. 


. Carry out all operations involving (i) evaporation of concentrated acids. (ii) evaporation 


to dryness or decomposition of ammonium salts, ferrocyanide, ferricyanide, thiocyanate, 
nitrate and nitrite salts, (iii) removal of borate, silicate, fluoride etc. and all other 
reactions involving evolution of poisonous gases and vapours of disagreeable odours, 
(iv) reactions involving the passage of hydrogen sulfide gas or addition of H,S-water, 
SO,-water etc. and their removal from the solution, (v) digestion with concentrated 
acids, aqua regia etc. positively inside a Fume Cupboard provided with adequate 
exhaust arrangement. 

In carrying out a reaction involving formation of a precipitate, ensure that both the 
test solution and the reagent solution are absolutely free from suspended particles, 
otherwise, filter the solutions before carrying out the test. 
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Have a clear knowledge about the chemical basis of the tests being carried out, 
otherwise, it will be difficult to maintain the proper reaction conditions required for 


à particular test and there shall be ample chance for committing mistakes leading to 
wrong detection. 


. Record all your experiments, observations and inferences, positive or negative or 


inconclusive what so ever, in your laboratory note book date wise, in a systematic 
manner, as soon as the test is performed. Under no circumstances, recording of the 
experiments and observations should be postponed until leaving the laboratory. Such 
a good practice should be developed right from the very out set in the interest of accurate 
recording of the first hand observations, devoid of any inaccuracy, that may creep in 
building the "story" after leaving the laboratory. If the analysis remains incomplete 
at the end of a laboratory hour, label all the solutions and precipitates clearly. Cover 
these with a glass jar or a big size inverted funnel or a large size beaker to protect 
these from dust and other contaminations. 
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CHAPTER - 4 


Reactions of Cation Radicals 





4.1 Introduction and Classification of Cation Radicals 

There are two types of procedures for the detection of cation radicals: (1) systematic group 
analysis followed by unambiguous confirmatory tests and (ii) individual tests by semi-micro 
methods using spot test techniques, based on elimination, masking-demasking reactions, 
chromatographic separations etc. The systematic group separation method is simple and is most 
suitable for the beginers, but it is laborious, requires large quantities of chemicals and above 
all, this procedure is a bit dirty and polluting. Semi-micro tests, on the other hand, are much 
cleaner, require less chemicals, but it requires high experimental skill and sound knowledge 
in chemistry of the elements and their compounds along with the fundamental basis of different 
aspects of inorganic reactions, particularly. Ше equilibria involving acid-base, oxidation- 
reduction, precipitation and complex formation reactions (cf. Ch-2). This chapter deals with 
the chemical reations of the individual cation radicals with some typical as well as special 
reagents, Indication, identification and finally confirmation of the radicals in unknown materials 
will be based on these reactions. 

Based on the insolubility of some common compounds such as, chlorides, sulfides, 
hydroxides, carbonates, phosphates etc.. the common cation radicals are classified into five 
analytical groups, viz.. Group-I to Group-V; as summerised below: 





Dilute HCI 






Ag', Hg', Pb" 
(МО, хН,0)* 
Hg", Pb. Bi, Cu", 
Cd. As Ymi, Spill 
Sl V/ll (Mol, yvy 
Hg", Pb", Bil, Cul! 
Са! (MoV)* traces 
г AsVAM, $ЬУЛИ пу 
(Мо\!)* 
Ее!!! Cr™, AI, 
Mn! V'i, (Til V, Zt. 
Ве!!, Cel, Thi”, uV! y 


Sparingly soluble chlorides 




















Dilute HCI + H,S Sparingly soluble sulfides 















Sulfides do not dissolve 


HIA 










Sulfides dissolve 













NH,CI + ag. NH, Hydroxides precipitate 









— (di Ch-8) 
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Group Reagents Group. Properties 
| MIB | — NH,Cl-* agNH; + Н,5 Sulfides precipitate Coll, Nill, Mn", Zn! 










IV NH,CI + ag.NH, Carbonates pricipitate Bal! $11, Са! 
ү NH,CI + aq. NH, Phosphate precipitates 
















No precipitation 


4.2 Reactions of Silver (Ag!) 

Indication 

(1) Blackening by sodium stannite solution 

Sodium stannite (Na,SnO,) solution reduces silver compounds to black metallic silver 

2Ав* + SnO,* + OH- — 2Ag| + 5п0,2- + H* 

Place a grain of the white solid sample (or aqueous or dil. HNO, solution of the sample) 
on a spot plate and add a drop of freshly prepared sodium stannite solution. Immediate 
blackening is observed if Ag' is present. 

NB. Mercury (Hg! and Hg) and bismuth (Ві!!, and Bi“) give similar tests. 


(2) Blackening by sodium sulfide solution or H,S - water 


Place a grain of the white sample (or aqueous of dil. HNO, solution of the sample) on 
a spot plate and add a drop of Na,S solution or H,S-water. Immediate blackening occurs due 
to the formation of silver sulfide, Ар,5. 


2Ag* + 52- — Ag,S+ 
2AgC] + H,S — AgS + 2HCI 


М.В. Pb?*, Hg?*. Hg,?*, Cu”, Bi^ give similar tests and interfere. 


(3) Dilute HCI solution 

To 1-2 drops of aqueous or dil, HNO, solution of the sample, add | drop of dil. HCl. Curdy 
white precipitate of AgCl appears: 

Ag’ + HCI — AgClt + H* 

Centrifuge the precipitate and reject the centrifugate with a dropper. Add 1-2 drops of 
aqueous NH, solution to the precipitate, The precipitate passes into solution due to the 
formation of diammineargentate [Ag(NH,)3], complex ion, but reappears on addition of 
dil.HNO,(-2M) 

AgCl/s) + 2NH, = [Ag(NH, 55] + СГ 
[Ag(NH,)]] + Cl + 2HNO, = AgCld + 2NH,NO, 
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Caution: Solution obtained after dissolving the precipitated AgCI in ag-NH, solution should 
be immediately acidified with dil. HNO, and disposed of. If the ammoniacal solution of the 
[Ag(NH,);] complex is set aside, silver nitride, Ag,N, (fulminating silver) may slowly 
precipitate, which тау explode readily even in wet condition. 

(4) Potassium iodide solution 

Ар? ion reacts with I~ ion to form yellow precipitate of Agl, which is insoluble even in 
conc.NH, solution, but soluble in sodium thiosulfate solution due to the formation. of 
dithiosulfatoargentate complex, 

Agt + KI = Agl + KŻ 
Agl(s) + 25,0,2- = [Ag(S.0,5] + E 

On boiling, the thiosulfato complex decomposes with change of colour from colourless 

-» white — yellow — brown — black, due to precipitation of silver sulfide, Ag,S. 
2[Ag(S,0.)77] = Ag,(S,0,)* + 35,0; 
Ag.(S,0.)/s) + H,O — Ag,S4 + 2H* + SO,7 

To 2-3 drops of the aqueous or dil.HNO, solution of the sample in a semi-micro test tube 
add | drop of dil. KI (~10%) solution and shake. Yellow precipitate of Agl is immidiately 
formed. Add | m/ of water, shake and centrifuge. Reject the centrifugate with a capillary dropper. 
Add a few drops of sodium thiosulfate solution (~0.5 M) to the precipitate and shake. If Agl 
is precipitated, it passes into solution. Even if a clear solution is not obtained, place the test 
tube with its contents in a hot water bath, White turbidity, gradually changing to yellow - brown 
and finally black, indicates Ag". 

Confirmation 

(1) Potassium chromate solution (—0.1 M) 

Ар” ion reacts with K,CrO, solution producing red precipitate of silver chromate 
(Ag,CrO,), insoluble in dil.acetic acid, but soluble in dil. HNO, 

2Ag' + K,CrO, — Ag,CrO,+ + 2K*. 

Не(1) and РЫ) ions give similar precipitates and interfere. These ions may be made 
unreactive by precipitation of their carbonates by treating the test solution with ammonium 
carbonate, which precipitates Hg(I) and Pb(II) as their carbonates but keeps Ag(I) in solution 
as the [Ag(NH;)5] complex. 

(NH,),CO, -> 2NH; + COȘ- 

Hgi* + CO? — Нр,СО, { 

Pb** + CO; — РЬСО, {, 

Ав? + 2МН] = [Ag(NH,] + 2H’. 

Tests for Ар(1) may be carried out in the clear solution obtained after separating the 
precipitated carbonates by centrifugation. 
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Place а drop of the test solution on a small watch glass or on a spot plate and add a drop 
of freshly prepared saturated ammonium carbonate solution and stirr with a glass rod. If any 
precipitate is formed at this stage, remove one drop of the clear solution using a capillary 
dropper (place a small piece of cotton wool if necessary to facilitate separation of the solution 
from the precipitate). Place 1 drop of the clear solution on a drop-reaction paper and allow 


the spot to dry. Add a drop of KCrO, solution (~0.1 M) at the centre of the spot. A red ring 
of silver chromate is formed if Ag* is present. 


(2) p-Dimethylaminobenzylidine rhodanine (i.e. rhodanine reagent) 
Reagent: 0.3% solution in acetone. 


Ag reacts with the rhodanine reagent (1) in weakly acidic solution to form a red-violet 
precipitate of Ag(I) - rhodaninate complex (2). 


HN-———CO 
Ag” + y. La (C) 
QT No cH, 
(1) 
O 
муе 
pes 
ZA C =CH N e H* 
27 NC cH 
(2) 


Mercury, and copper (1) salts give similar compounds and зо interfere. 

Place a drop of the test solution on a drop-reaction paper and allow to dry. Add а drop 
of the rhodanine reagent and a few drops of dil.HCl or ammonium chloride. Mercury and Cu( 1) 
compounds with the reagent dissolve in the form of their sparingly dissociated chlorides or 
choloro complexes. The red-violet precipitate of Ag(|) rhodaninate remains, as it is less soluble 
than AgCI. 

Alternatively, the test with rhodanine reagent may be applied after removing these metal 
ions as carbonates by treating with ammonium carbonate solution as described before, in case 
of Ag,CrO, precipitation. In this case the precipitated carbonates should be removed by 
centrifugation and the clear centrifugate is to be acidified with HNO, before applying the test. 

Take 1-2 drops of the test solution in a centrifuge tube and add a few drops of freshly 
prepared saturated solution of ammonium carbonate. If a precipitate is formed, add sufficient 
ammonium carbonate solution to ensure complete precipitation. Centrifuge and transfer the clear 
centrifugate to a porcilain crucible with the help of a capillary dropper. Acidify with 2M HNO, 
and evaporate to dryness inside a Fume Chamber to decompose the ammonium salts. Cool 
and take up the residue with 1-2 drops 2M HNO,. Place | drop of this solution on a spot 
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plate and then add 1 drop of the rhodanine reagent. A red-violet precipitate is formed if Ар? 
I$ present. 

The test may also be carried out on a drop-reaction paper, when a red-violet stain is formed 
if Ag” is present. 

If no precipitate is formed on treatment of the test solution with ammonium carbonate, 
the test may be applied directly with the test solution in 2M | INO,. 

Limit of identification: 0.02y of Ag in 2M HNO.. 

Limit of dilution : | : 2.5 х 10° 


(3) Test with Mn(II) nitrate (or sulfate) and alkali 


On adding alkali to a mixture of Mn(II) and Ag(I) solution, a black precipitate consisting 
of a mixture of MnO, and metallic silver is formed according to, 


Мп?* + 2Ag* + 40H- — МһО,{ + 2А} + 2H,O 


The reaction takes place with such a low concentration of Ар? ion that even AgCI (i.e., 
the slight amount of Ag” ion that may be formed due to its ionization as AgCl/s) = Agt 
+ Cl in water) responds to this test. 

Mercury (1) salts reacts with alkali to produce finely divided black mercury. Hg(Il), Sn(ll) 
and salts of noble metals react analogously with Mn(II) salts in presence of alkali. Metal ions 
forming insoluble and coloured hydroxides with alkali also interfere. If these interfering ions 
are present, it is advisable to isolate silver from these by precipitating as AgCI. 

Place а drop of 0.1 M HCI on a drop reaction paper. Add a minute volume of the test 
solution at the centre of the moist flake using a capillary tube. Add a second drop of HCI 
on the paper and allow the spot to dry. Repeat this addition of 0.1 M HCI and the test solution 
3 to 5 times and allowed to dry each time. Finally add a drop of Mn (II) nitrate (or sulfate) 
solution (0.1 M) and a drop of (0.1 M) NaOH solution. Immediate blackening occurs if Ар? 
is present. 

Limit of identification : 2y of Ag 
Limit of dilution ; | : 2.5 х 10° 


(4) Silver mirror test 


When diammineargentate [Ag(NH,)5] ion in solution is treated with hydrazine sulfate, the 
silver complex is reduced to form finely divided metallic silver, which deposits on the wall 
of the container, producing a shining silver mirror and hydrazine is oxidized to gaseous nitrogen. 

4[Ag(NH,)3] + N)H,H,SO, — 4Ag) + N,t + 6NH; + 2NH,* + SO? 


Clean a semi-micro test tube with hot chromic acid solution, wash thoroughly with distilled 
water. Take 2 ml of the test solution and add dil.ammonia solution (-2M) dropwise with shaking, 
until the precipitate of silver hydroxide that is initially formed, passes into solution completely. 
Then add 2 m of hydrazine sulfate solution (saturated), mix uniformly. The silver mirror appears 
within a few seconds. Discard the solution immediately after the test (cf. p-236). Dissolve the 
silver mirror by washing with diLHNO, (~8 M). 
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4.3 Reactions of Mercury (Hg! & Hg!!) 


Indication 


(1) Sublimate formation 

Mercury compounds volatilize on heating in a dry test tube, but condense at the cooler 
upper part of the test tube forming a sublimate, Upon heating with a mixture of anhydrous 
Na,CO,, mercury compounds irrespective of oxidation states of mercury, decompose to form 
metallic mercury, which forms shining mirror on the wall of the cooler part of the test tube. 

Hg,Cl, + Na,CO, — Hg,O + 2NaCI + CO, 
HgCl, + Na,CO, -> HgO + 2NaCI + CO, 
Hg,O — HgO * Не? 

2HgO — 2HgT + 0,7 

Note: All mercury compounds, specially mercury vapour, are extremly poisonous. Only 
minute quantity (not more than —0.1 g) of the substance should be used in the test. 

Take a small amount («0.1 g) of the sample in clean and dry test tube. Plug the mouth 
of the test tube with a picce of clean cotton wool and hold the test tube slightly tilted on 
a small flame, and heat gently inside a FUME CHAMBER. A sublimate is formed at the 
cooler part of the test tube. 

Caution: Don't inhale mercury vapour аз it i5 highly poisonous. 

(1а) If a sublimate is formed 

Mix a small amount (> 0.1 g) of the sample with a large excess (7-8 times the bulk of 
the sample) of anhydrous Na,CO, in a test tube, plugged with a piece of clean cotton wool 
and hold the test tube slightly tilted on a small flame inside à FUME CHAMBER. А grey 
mirror, consisting of globules of metallic mercury will be visible on the upper part of the test 
tube. The globules coalesce to form droplets of mercury, when rubbed with a glass rod. 


(2) Sodium stannite solution 
On treatment with a freshly prepared solution of sodium stannite, mercury compounds. 
irrespective of oxidation states of mercury, are reduced to finely divided black metallic mercury. 
SnCl, + 2NaOH = Sn(OH),) + 2NaCI 
Sn(OH), + 2NaOH = Na,[SnO,] + 2H,0 
Hg,Cl, + Na,[SnO,] + 2NaOH = 2Hg4 + 2NaCl + Na.[SnO,] + H,O 
HgCl, + Na,[SnO,] + 2NaOH = Hg* + 2NaCI + Na,[SnO,] + H,O 
NB: Silver and bismuth compounds give similar tests with sodium stannite. 


Sodium stannite solution in may be prepared as follows: 

Take 1 ml of stannous chloride solution (Notice that fine grains of metallic tin are visible 
at the bottom of the container) in a centrifuge tube. Add drops of NaOH solution (2 M) until 
the precipitate of Sn(OH), initially formed, dissolves in excess of the NaOH solution, Place 
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the centrifuge tube on a hot water bath for ~2 minutes and centrifuge. Use the clear centrifugate 
for the test. 

Place a minute quantity («0.1 g) of the solid sample on a spot plate or a drop of the test 
solution on a drop-reaction paper. Add a drop of the freshly prepared sodium stannite solution. 
Immediate blackening occurs if murcury is present. 

If the tests (1) and (2) are positive, one may proceed to confirmatory tests for Hg(l) or 
Не(11), but still there are some more indicating tests. 

(3) Ammonia solution 

Place a minute quantity («0.1 g) of the solid sample (not black coloured) on a spot plate 
and add a drop of ag-NH, solution and stirr with a glass rod. Immediate blackening indicates 
Hel). 

In presence of aqueous ammonia, Hg(1) compounds disproportionate to form finely divided 
black metallic mercury (Hg?) and a aminomercuric (Hg") salt. 

2Hg,(NO,), + 4NH, + HO — [HgO.Hg(NH;XNO,))] + 2Нр + 3NH,NO, 
The test may also be conducted with an aqueous or dil.HNO, solution of the sample. If 


He(ll) is present, instead of Hef), white precipitate of the aminomercuric salt is formed, which 
is soluble in large excess of ammonia and ammonium chloride. 


2Hg(NO,), + 4NH, + H,O — [HgO.Hg(NH,)(NO,)]) + 3NH,NO, 

The aminomercuric salt, HgO.Hg(NH,)NO,, also sublimes, like most mercury compounds. 

(4) Sodium hydroxide solution (-2M) 

He(l): 

Black precipitate of Hg(I) oxide, is formed 

Hgj* + 20H- — Hg,O + H,O 

The precipitate is insoluble in excess NaOH, but soluble in dil. HNO,. On boiling, the colour 

of the precipitate changes to grey as it disproportionates to HgO and Hg. 
Hg,O — HgO * Hg 

На): 

Brownish-red precipitate of basic Hg(II) salts of varying compositions are initially formed, 
which change to yellow as stoichiometric amount of NaOH is added and HgO is formed. The 
precipitate is insoluble in exess of NaOH but dissolves in dilute mineral acids. 

Hg^* + 20H- — HgO+ + H;O 

Hg(Il) can be differentiated from Hg(I) by this reaction. 

Place a drop of the test solution on a drop reaction paper and add a drop of NaOH solution 
(-2M) with a capillary dropper. 

* А black spot indicates Hg(I), 
* A yellow spot indicates Hg(ll). 





(5) Test with dil. HCI 


Forms a white precipitate of mercurous chloride ( Hg;Cl.), insoluble in hot water [difference 


from Pb?*], but turns black due to precipitation of Hg on treatment with ад. МН, solution 
[difference from Ag’), 


Hgj* + 2НСІ > Нр,СІ, + 2H*. 


2Hg,Cl, + 4NH, + H,O > [HgO.Hg(NH,)CI]] + 2Hg) + 3NH,CI 
(6) H,S - water and Na,S solution (~2M) 
Hei): 


Due to extreme low solubility product of Hg(1I) sulfide, HgS [PK p = 53.6], Hg(T) undergoes 
disproportionation when treated with H,S-water, due to precipitation of black HgS and finely 
divided black metallic Hg. 


Hgi* + H,S — HgSl + Hgt + 2H* 


On treatment of the black mixture of HgS and Hg with sodium sulfide solution, HgS 
dissolves, forming disulfidomercurate (11), leaving metallic mercury. On removing the metallic 
mercury by centrifugation and treating the clear centrifugate with dilute mineral acid or with 
NH,CI, the black precipitate of HgS reappears. 

HgS + S% = [HgS] 
(HgS27] + 2H* + HgS+ + H,ST 
[HgS2-] + 2NH,CI — HgSi + H,ST + 2NH,T + 2С! 

Hg(II): 

In presence of dil. HCI (-1M), H,S reacts with Hg(II) salts, initially forming a white 
precipitate of Hg(II)-chlorosulfide (Hg,S,CI,), which then reacts with excess H5 with change 
of colour from white to yellow to redish-yellow and finally forms black precipitate of Hgs, 
insoluble in dil.HNO;, NaOH solution and ammonium sulfide solution, but soluble in sodium 
sulfide solution (2M) due to the formation of disulfomercurate (II) ion, [HgS; ]: 

3Hg?* + 2Cl- + 2Н,5 — Hg,S,Cl,} + 4H' 
Hg, S,Cl,(s) + H,S — 3HgS) + 2H" + 2C- 
HgS/s) + S% = [Hes}] 

The black precipitate of HgS reappears on treatment of the clear solution containing 
[HgS,] ion with dilute mineral acids or with NH,CI. 

(ба) Distinction between Hg(I) and Hg(lI) 

In case of Hg(I), the black precipitate obtained on treatment of the sample solution with 
H,S-water consists of HgS and Hg metal. When this black precipitate is treated with №;5 
solution, HgS dissolves due to the formation of [HgS3-] ion, but black metallic Hg remains 


| 241 | 





undissolved, The centrifugate after separating from metallic Hg, on acidification, gives black | 
precipitate of HgS. 

In case of Hgtll), the black precipitate obtained on treatment of the test solution with H,S- 
water contains only HgS, which dissolves in Na, S giving a clear solution, which on acidificaion 
gives black precipitate of HgS. 

Take | ml of the test solution on a semi-micro test tube and heat just to boiling. Add 1- 
drop of H,S — water. If a precipitate is formed, add a few more drops of H,S-water to complete 
the precipitation and then centrifuge. Reject the centrifugate. Treat the resulting black residue 
with 2 M NaS solution. If only Не(1) is present, a clear solution of (HgS?"] results. Acidify 
with dil.HCl, black precipitate of HgS reappears. If Hg(T) is present, a part of the precipitate 
(HgS) dissolves, leaving a black residue (Hg). Remove the black residue by centrifugation. 
Acidify the centrifugate with dil.HCl. The black precipitate of HgS reappears. 

The whole test is shown below schematically. 


(Hg! / Hg!) Solution 


dil. HCl 
H,S - water 


| 


Black precipitate 
Centrifuge, reject centrifugate 
Black residue 


Na,S solution (-2 M) 








Dissolves giving а Partly dissolves, 
clear solution (Hg!) leaving a black residue (Hg!) 
dil. HCI | Centrifuge 
Black precipitate 
(HgS) Black residue left Clear centrifugate 
7. Hg(I1) present (Hg metal) 
Hg(I) present dil.HCl 
Black pricipitate 
(HgS) 


^. Hg(I) and Не(П) present 
(7) Potassium iodide solution (10%) 


Ней): 
To 1-2 drops of the aqueous or dil. HNO, solution of the sample add | drop of KI solution. 
In presence of Hg(I) a green precipitate of mercurous iodide (Hg,1,) is first formed, which 
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reacts with execss of the reagent producing soluble tetraiodomercurate (11), [Hgl2-] ion and 
black precipitate of finely divided metallic mercury, due to disprportionation: 
Нез? + 21- > Hgh} 
Hg,l,] + 2I- — [Hgl?-] + Hg} 
Remove the black residue of Hg by centrifugration. Place a drop of the clear centrifugate 


on a drop reaction paper, and hold the same over an open bottle of ag- NH, solution. A brown 
spot results. 


Alternatively, instead of adding an execss of KI reagent, if the green precipitate of Hg,l 
is boiled with water, disproportionation still takes place, producing a mixture of red Hgtll) 
iodide (Hgl,) and black metallic Hg. 


Hgt —> На, + Hgt 

Hg(l1): 

To 1-2 drops of the aqueous or dil. HNO, solution of the sample add | drop of KI solution. 
In presence of Heg(Il), a red precipitate of Hgl, is formed, which dissolves in excess of the 
reagent, producing tetraiodomercurate [Не13-] ion, which turns brown on exposure to ammonia 
gas. 

Hg?* + 21- — На} 
Hgl,j + 2I- > [Hgl?] 
2[Hgl;] + 4NH, + H,O — [HgO.Hg(NH,)I]] + 7 + 3NH; 

Place a drop of the clear solution containg [Hel 2 ion on a drop reaction paper using à 
capillary dropper and hold the paper over an open bottle of ag-NH, solution. The spot turns 
brown (cf. Sect, 4.24, test of МН,” ion with Nessler 5 reagent). 

(8) Potassium chromate solution 

To 1-2 drop of the aqueous solution of the sample in a semi-micro test tube add | drop 
of K4CrO, solution (~ 0.14/). A brown amorphous precipitate of Hg(I) chromate of undefined 
composition is first formed, which changes to a red crystalline form on heating. On treatment 
with NaOH solution (~2.M) the red precipitate is transformed to black Hg;O. 

Hgi* + CrO4- — Hg,CrO,} 
Hg,CrO,(s) + 2NaOH -» Hg,O/s) + Na,CrO, + H,O 


NB: Ag(l), Pb(II), Ba(Il) also give similar tests with K,CrO, solution. 


(9) Polished copper sheet 
Place a drop of the test solution on a polished red coloured copper sheet. A deposit of 
Hg metal is formed. 
Нр2+ + Cu — Cu?* + 2Hg| 
Hg?* + Cu 2 Cv? + Hel 
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Rinse, dry and rub the spot with a piece of dry cotton wool, a glittery silvery spot will 
be visible. Heat the copper sheet on a Bunsen flame in side a Fume Cupboard. Hg evaporates 
and the red surface of copper becomes visible again. 

Confirmation 

(1) Cuprous iodide slurry 

Place a drop of cuprous iodide slurry on a spot paper and allow to dry. Add | drop of 
the weakly acidic test solution using a capillary dropper. A deep red to orange colouration 
depending upon the amount of mercurry developes, due to the formation of cuprous 
tetrarodomercurate, Cu,[Hgl,] complex. 

2Cu4l, + Hg” > Cu,[Hgl,] + 2Cu* 
With Hg(I), the following reactions may take place: 

Cul + Hgj* > Hgjl + 2Cu* 

Hg,l; + Cujl; -> Си, [Нр] + Hgj 

Preparation of Cul, slurry 

Take | m/ of 5% copper sulfate solution in 1M HCI in a centrifuge tube, add drops of 
dil.(1:1) ag-NH, solution until a faint turbidity appears. Add 1-2 drops of dil.acetic acid to 
dissolve the turbidity. Add 1-2 crystals of potassium iodide to the clear solution, when a brown 
precipitate appears. Add drops of dilute sodium thiosulfate solution, when the brown colour 


is discharged and a milky white precipitate of Cu,L, become clearly visible. Wash the precipitate 
with water by centrifugation and preserve the slurry in corked bottle. 


Limit of identification: -3x107? y of Hg (in ~ 0.03 ml). 


(2) Co (II) acetate-Ammonium thiocyanate test or Cobalt-mercurothiocyanate test 


Hy (II) salts react with concentrated solution of Co(II) acetate in presence of a small amount 
of ammonium thiocyanate, producing a deep-blue crystalline precipitate of Co(II) mercurothio 
cyanate, or cobalt tetrathiocyanatomercurate (II), Co[Hg(SCN),]. 


Hg? + Co** + 4SCN- > Co[Hg(SCN),]] 

Place a drop of the test solution on a spot plate, add a small crystal of ammonium thiocyanate 
and a grain of solid cobalt (II) acetate. Stirr with a glass rod. A blue colour or a blue crystalline 
precipitate appears in presence of Hg?" ions. 

(3) Decomposition of ferrocyanide ion 

Rengent: (i) 02% K,[Fe(CN),] in 0.01M HNO, 

(ti) 0.005 M 1,10-phenanthroline in 0.01 M HNO,. 


Due to greater softness as a Lewis acid, Hg^* ion snatches the soft CN- ion from 
ferrocyanide [Fe(CN)?-] complex and sets free comparatively less soft or borderline Fe?" ion 
in solution. The presence of Fe** ion is indicated by appearance of red colouration if 1-10 
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phenanthroline (phen) or 2, 2'-bipyridine (bipy) is also present in the reaction mixture. Не) 
should be present as its nitrate or sulfate salt. The test is unsatisfactory with HgCl, solution. 
Ag" ton gives similar reaction, and should be removed by precipitation as AgCI. Before applying 
this test, Hg(1I) should be precipitated as HgO by treating the test solution with NaOH solution 
(~I M) and washed free from CI ion by repeated centrifugation and washing with water. The 
CI- free HgO should be dissolved in minimum amount of dil. HNO, (—-0.1 M). The solution 
should be diluted to adjust 0.01 M acidity before applving this test. 

Place | ml of 0.005 M 1,10-phenanthroline and 1-2 drops of 0.2% K I[Fe(CN),] solution 
in а semi-micro test tube and add, | drop of the sample solution. Shake and place the test 
tube in a hot water bath for 1 minute. Red colouration appears in presence of Hg?* ions. 

Limit of identification: 2y of Hg 
Limit of dilution : 1:20 х 10° 


(4) 1, 5-Diphenvlcarbazone 


Reagent : 1% alcoholic solution of diphenylcarbozone. 

Both diphenylcarbazone (1) and its reduction product, diphenylcarbazide (2) react with 
mercury salts to produce blue to violet insoluble precipitate of inner metallic complexes. The 
structure of the complex of Hg(IT) with (1) is shown below (3). The Най) complex таубе 
formulated accordingly. 


0 =с +H +2 # 0C 
NNH-NH-CH, NH - NH - C,H, 


1) (2) 


NH F NH E C.H; 


(3) 

Sensitivity of the reaction is lowered with increase of acidity of the test solution. Heavy 
metals (Fe, Co, Cu and others) also form coloured precipitate with diphenylcarbazone. However, 
in 0.2 M HNO, medium this reaction with diphenylcarbazone is specific for mercury. Chromate 
and molybdate also form coloured compounds with both diphenylcarbazone and 
diphenylcarbazide. Interference due to chromate is eliminated by reducing it to nonreacting 
Cr(llI) salts by treating the test solution with H,O, or SO,- water. Interference due to molybdate 
may be eliminated by masking it with oxalic acid, since the oxalato-molybdate complex does 
not react with the reagent. 


| 245 | 





Mix а drop of the freshly prepared 1% alcoholic solution of the reagent and a drop of 
0.2 M HNO, on a small watch glass or on a spot plate. Place a drop of this mixture on a 
drop-rection paper and allow the spot to dry. Add a drop of the test solution on the spot using 
а capillary dropper. Depending upon the concentration of mercury, a violet to blue fleck appears. 

Identification limit : 0.1 ~ 1.0y of Hg 

Dilution limit > | : (0.5 — 5) x 10° 


(5) p-Dimethylaminobenzylidine rhodanine 

Reagent; Saturated solution in ethanol. 

In weakly acidic solution, mercury salts give a red-violet precipitate (1) with an alcoholic 
or acetone solution of the reagent, p-dimethylaminobenzylidine rhodanine (or, rhodanine 
reagent). 


OC ——— NHg/2 


(1) 


Large amount of chloride and HCI lower the sensitivity of the test due to the formation 
of [НЕСІ] ion. Acidity may be lowered by buffering with sodium acetate. Silver (Ag) ion 
gives similar precipitate with the reagent, and must be removed by precipitating as AgCI before 
applying this test. Copper salts give a dirty red colouration in neutral solution and should be 
removed, Cu(lI) can be rendered harmless by addition of sodium phosphate. Sodium phosphate 
increases the pH and precipitates Cu(II) as green Cu(II) - phosphate, which reacts very slowly 
with the rhodanine reagent. 

The following alternative procedures may be followed for testing for mercury with rhodanine 
reagent. 


(5а) In absence of CI and large amount of free acid 


Place a drop of the weakly acidic (dil. HNO, or dil.H,SO,) test solution on a spot plate 
and add | drop of the reagent, Violet precipitate or a pink colouration appears depending upon 
the amount of mercury present. 


(Sb) In presence of СІ and free acid 


Place a drop of sodium acetate plus a drop of the reagent in two adjacent cavities of a 
spot plate. Yellow to orange colouration is produced in both the cavities. Add a drop of the 
test solution on one of the cavities, a pink colouration is produced if mercury is present, Compare 
with the blank, which is orange-yellow. 


(5c) In presence of copper 
Place | drop of the test solution on a spot plate, add 5 drops of 10% sodium phosphate ph 
solution and stirr with a glass rod. A green precipitate is formed if copper is present. Add 
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| drop of rhodanine reagent. A violet to pink colouration is produced if mercury is present. 
Run a blank test if very small amount of mercury is suspected. 

Limit of identification: 0.33 of Но 

Limit of dilution: | |5 x 105 
4.4 Reactions of Lead (РЬ!!) 

Indication 

Tests on the solid sample 


(1) Dry test tube heating: White sample: turns yellow when hot and cold. 

(п) White sample: turns black on tratment with H4S-water. 

(iii) White sample : turns yellow-orange on treatment with potassium chromate solution. 

(iv) White sample: turns golden yellow on treatment with KI solution. 

(v) Black sample: turns white on treatment with Н.О... 

Wet reactions 

The following tests may be performed with aqueous or HNO, extract of the sample. If 
Ba**, Sr?*, Ca?* are suspected, sodium hydroxide extract (contains sodium plumbite, 
Na,[PbO,]) may be used after neutralization with dil.HNO.. 

Take 1-2 drops of the test solution in a semi-micro test tube and add 1-2 drops of the 
following reagents and proceed accordingly. 

(1) Dilute НСІ 


White precipitate of PbCl, in the cold, soluble on boiling, but reappears on cooling 
(difference from Hg,Cl, and AgCI): 


Pb(NO.), + 2НСІ — PbCl,] + 2HNO,. 
(2) Potassium iodide solution 
Golden yellow precipitate of Pbl, appears, 

РЫ(№О,), + 2KI — РЫ, | + 2KNO, 


The precipitate almost dissolves on boiling, but reappears on cooling. The precipitate 
dissolves in excess of the reagent due to the formation tetraiodoplumbate(II) complex: 


РЫ, + 21" г [PbI7-] 
(3) Potassium chromate in neutral, acetic acid or in ammoniacal solution 


Yellow precipitate of PbCrO, is formed. The precipitate is soluble 4n dil.HNO, and also 
in NaOH solution: 


Pb?* + CrOj^ = PbCrO,* 
2PbCrO,(s) + 2H* = 2Pb? + суо + HO 
PbCrO, (s) + 4OH- = [Pb(OH)F] + СО 
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(4) Dilute H,SO, (or, soluble sulfate solution) 


To | mi of the test solution in a semi-micro test tube add | m/ of ethanol and a few drops 
of dil.H,SO, (or a solution of Na,SO,/K,SO,/(NH,),SO,). Heavy white precipitate of PbSO, 
comes down. 


Pb?* + sgi -> PbSO,! 


Centrifuge and reject the centrifugate. Wash the precipitated PbSO, with water twice by 
centrifugation and divide the residue in to 4 parts, transfer each part to separate semi-micro 
test tubes and perform the following tests: 


4(а) Part (i): Add 2-3 drops of conc. H,SO, to the precipitated PbSO, and boil for l- 
2 minutes. The precipitate passes into solution due to the formation of lead hydrogen sulfate: 


PbSO,/s) + H,80, > Pb?* + 2HSO,- 
4(b). Part (ii): Add 1-2 m/ of ammonium acetate solution (6M) and boil for 1-2 minutes. 


The precipitate of PbSO, passes into solution due to the formation of tetraacetatoplumbate 
(II) complex: 


PbSO,(s) + 4CH,COO" = [Pb(OOCCH,)7] + SOT 

Add | m/ of potassium chromate to the clear solution. Yellow precipitate of lead chromate 
is formed, 

[PR(OOCCH;); ]* Сто = PbCrO,) + 4CH,COO" 

4(c). Part (ш): Add 1-2 mi of ammonium tartarate [(NH,), C,H,O,] solution (6M) and 
boil for 1-2 minutes. The precipitate of PbSO, passes into solution due to the formation of 
ditartaratoplumbate (II) complex: 

PbSO,(s) + 2C,H40&  — [Pb(C,H,O,8-] + 5057 

Add | mí of potassium chromate reagent to the clear solution. Yellow precipitate of lead 
chromate appears: 

[Pb(C,H,0,-] + Croz- — PbCrO,) + 2C,H402- 

4(d) Part (iv): Add 1-2 m/ of sodium carbonate and boil for some time. PbSO, is 
transformed to PbCO, by double displacement, or, precipitate-exchange reaction, 

PbSO,(s) + Na,CO, > PbCO,) + Na,SO, 
Centrifuge and wash the residue repeatedly with water by centrifugation to remove S037 


ion. Dissolve the washed precipitate of PbCO, in dil HNO, add a few drops of saturated 
sodium acetate solution followed by 1 ml of K,CrO, solution, Yellow precipitate of PbCrO, 
PbCO, + 2HNO, = Pb/* + 2NO, + CO, + H,O 
РЬ?* + со -> PbCrO, | 
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(5) H,S-water 
In neutral or weakly acidic solution (< 2M) Pb?* reacts with HS to form black precipitate 
of PbS. Precipitated PbCI, is also transformed into PbS by precipitate-exchange reaction: 
Pb^* + Н,5 — PbS+ + 2H* 
PbCI,/s) + Н,5 — PbS4 + 2H* + 2СГ 
In presence of large amount of chloride, initially а red precipitate of lead chlorosulfide 
(Pb,CI,S) is formed, which reacts with exeess HS to produce black precipitate of PbS. 
2Pb^ + Н,5 + 2C — Pb,CLS) + 2H’ 
Pb CI S/s) -> PbS + РЫС} _ 
Pb,Cl,S/s) + H,S — 2PbS] + 2H* + 2СГ 
Н“ ions liberated in these reactions suppress the concentration of S% ion by common ion 
effect. Appreciable concentration of S% ion may be achieved by performing the test in presence 
of sodium acetate, which acts as a buffer (CH,COO" + Н” = CH,COOH). 
When the precipitated black PbS is boiled with Н,О, (3%), it is oxidixed to white PbSO А 
PbS(s) + 4H,0, — PbSO,(s) + 4H,0. 
Wash the precipitate of PbS with water by repeated centrifugation, discard the centrifugate 
and the washings. Treat the black PbS with a few drops of H,O, and warm on a hot water 
bath. The black colour changes to white (PbSO,). 


Confirmation 
(1) Test with diphenylthiocarbazone (Dithizone) 
Reagent: ~ 1-2 mg of dithizone in 100 m? of CCI,. 


Dithizone (1) reacts with Pb^* in neutral solution to give a red precipitate of the inner 
metallic complex (2) 


Сен: "n C.H; 
„МН - NH NH-N „Мем 
26m + РЬ => 52= С Pb С=5 + 2Н 
NN т! ANEN” “м-н 
СН; H.C, CoH; 
(1) (2) 


The solution of dithizone reagent іп ССІ, has a green colour. РЫШ) - dithizonate complex 
(2) is red coloured and is soluble in ССІ, and other non-polar organic solvents. As a result, 
the green colour of the reagent solution in ССІ, becomes red in presence of Pb?*. 

Many other metal ions also form coloured dithizonate complexes which are also soluble 
in organic solvents. But their interference can be eliminated by complexing them with alkali 
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lartarate solution. The dithizone reagent is so specific for Pb?* that even tartarate that masks 
other metal ions, can not mask Pb** in presence of this reagent. 

Take a drop of the test solution in a semi-micro test tube and add 1-2 drops of sodium- 
potasrium tartarate solution (~ 0.1M) and an equal volume of the CCI , Solution of dithizone. 
Shake the mixture vigorously. In presence of Pb?*, the green reagent solution assumes a brick- 
red colouration, which is easily visible against a white back ground. 

(2) Test with benzidine 

Reagent; 0.05% solution of benzidine in 10% acetic acid. 

Lead dioxide (PbO,) and many other oxidizing agents oxidize the diamine, benzidine (1) 


to benzidine blue (3), which is a meriquinoid oxidation product, composed of the diamine (1), 
the dimine (2) and a monoprotic acid (HX, here, acetic acid) in 1:1:2 molar proportion. 


(1) (2) 


(3) 


РЫШ) compounds may be oxidized to PbO, by hypobromite (OBr^) ion generated im situ 
by the reaction of bromine water and alkali. Hypobromite ion is considered as the most suitable 
oxidant for this reaction as because the excess hypobromite, if there be any, may be decomposed 
by addition of dilute ammonia, which is oxidixed to N, gas. 


Br, + OH” = ОВг + Br + Н? 
РЬ?” + 20H- — PbO} + 2H* + 2e 
OBr + 2H" + 2e > Br + H,O 


Net reaction: Pb** + ОВг + 20H- — PbO,| + Вг + H,O 
JOBr + 2NH, > 3Br + N,T + 3H;0 
Manganese, cobalt, nickel, bismuth, silver (also cerium, thorium) salts interfere in this test. 
But these may be rendered harmless by conducting the test with alkali (NaOH) extract of the 
sample, which contains lead as plumbite, Pb(OH j ton, (only thorium* interferes under this 
condition). Other metal ions are precipitated as their hydroxides/oxides. Bismuth salts are 
precipitated as BiO(OH), which is not oxidized by hypobromite. 
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Place a drop of the 3M NaOH extract of the sample on a drop reaction paper, add | drop 
of saturated Br, - water and allow the spot to dry. Add 2 drops of 1:1 aqueous - NH, and 
allow to spread. Remove the excess NH, by holding the paper near a small flame or over 
à watch glass covering a beaker of boiling water. Add 1 drop of benzidine reagent in acetic 
acid. Depending upon the amont of lead present, a light blue to deep blue fleck is formed 
on the paper. If very small amunt of Pb?* is present, the blue colour gradually fades away. 
Run а blank test. 

Alternatively, take | ml of the test solution in a semi-micro test tube and treat it with 3 
т! of 3M NaOH solution and 2 ml of saturated Br,-water. Boil for a few minutes and filter 
through a Whatman No. | filter paper. Wash the residue on the filter paper with (1:1) aqueous 
- NH, followed by hot water to remove excess BrO- ion. Add | drop of acetic acid solution 
of benzidine on the filter paper. A blue colouration is produced if lead is present. 

Limit of identification: ly of PbLimit of dilution : | 5 х 10° 


(3) Test with sodium rhodizonate 


Reagent: (1) 0,2% solution of sodium rhodizonate in water. 
(и) Bufler solution (pH = 2.8) : 1.9 g of sodium hydrogen tartarate and 1.5 g 
of tartaric acid in 100 m? of water. 
When sodium rhodizonate (1) reacts with neutral or weakly acidic solution of Pb?* salts, 
coloured precipitate of basic lead rhodizonate (2) is formed. 


О H 
О O Na : О О = 2.95 
+2РЬ +3Н,0 > Pb” Pb.H,O) + 2Na «2H 
О O Na О Qe. c Nig 
О О H 
(1) (2) 


The precipitate Pb(C,O, ).Pb(OH),.H,O (2) that is formed in neutral solution is violet in 
colour. The precipitate formed in weakly acidic solutions of Pb?* salts is scarlet-red in colour 
and has the stoichiometry, 2Pb(C,O, ).Pb(OH)..H.O. Both these reactions are so sensitive that 
even sparingly soluble materials, like PbS, PbSO,. PbCrO, etc. respond to this test. 

Place a drop of the test solution on a drop reaction paper and allow the spot to dry. Touch 
the spot with a drop of freshly prepared 0.2% solution of sodium rhodizonate using a capillary 
dropper. In presence of Pb?*. a blue fleck or a ring is formed. If an intense colouration is 
produced, add | drop of the buffer solution (pH 2.8). The blue colour is transformed to scarlet 
red colour. 

Limit of identification : Олу of Pb 

Limit of dilution : | : $ x 10° 
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4.5 Reactions of Bismuth (Bi, Bi’) 


Indication 


(1) Blackening with sodium stannite 

Reagent’ Freshly prepared -0.125M sodium stannite. 

Take 2 mf of stannous chloride (~ 0.25M) in a centrifuge tube and add drops of 2M NaOH 
solution, until the white precipitate initially formed, is dissolved in excess of NaOH solution. 
Warm the solution gently and centrifuge, use the clear centrifugate for the tests. The reagent 
does not keep. always freshly prepared solution is to be used. 

Take a grain of the solid sample or a drop of the test solution on a spot plate and add 
| drop of the freshly prepared sodium stannite solution. Immediate blackening takes place if 
bismuth 15 present 

Initially Ві?" reacts with NaOH present in the reagent to produce white precipitate of 
bismuth hydroxide, which is reduced by sodium stannite to finely divided black metallic 
bismuth. 

Bi^ + ЗОН" — ВКОН), 4 
2Bi(OH),(s) + 380037 — 2Bil + ssnol- + 3H,O 


(2) Test by induced reduction of РЫШ) 

Pb(H) is slowly reduced to metallic lead by alkaline sodium stannite solution. When dilute 
solution of lead nitrate is treated with freshly prepared alkaline sodium stannite reagent, initially 
a white precipitate of Pb(OH), is formed. But the formation of the black precipitate of metallic 
lead is not observed even during an hour. On the other hand, if bismuth is also present, the 
reduction of Pb(OH), is so much accelerated that blackening is observed almost instantaneously. 


Pb?* + 20H" — Pb(OH),| 
РЫОН), + SnO5 ^ — РЬ} + SnO; + H,O (slow) 
But, 
2Bi(OH), + 351057 — 2Bil + 3$n03” + 3H,O (fast) 
РЫОН), + $1057 — РЬ} + 51057 + H,O (fast) 
Reduction of Bi(OH), induces the reduction of Pb(OH),. Induced reations like this, are 
different from catalytic reactions, In an induced reaction, the inducer (here, Bi(OH),) is itself 
used up and not regenerated. In a catalytic reaction, the catalyst is regenerated, not used up. 


N.B. Silver, mercury, copper interefere in this reaction. Cu(II) may be rendered harmless 
by complexation with tartarate. 


Limit of identification: 0.013 Bi 

Limit of dilution : | ; 5 x 10° 

Place | drop of 0.25 M lead nitrate solution on two adjacent cavities of a spot plate and 
add one drop of freshly prepared sodium stannite in each cavity, Add one drop of the test 
i: IT 
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solut ion їп one of the cavities and one drop of distilled water in the other. Immediate blackening 
is observed if the test solution cantains bismuth. 


(3) Oxy salt formation 


Pour 1-2 drops of dil. HCI or dil. HNO, extract of the sample into a large volume of water 


in a test tube or in a small beaker. Milky white precipitate appears due to oxy salt formation 
if bismuth is present. 


Bi + Ch + H,O > BiOCI, + 2H* 
Bi + NO," + H,O + BiONO,| + 2H" 
Centrifuge and divide the precipitate into three parts in three semi-micro test tubes. 
3(a): Part-I; Add dil.HCl, or dil.HNO,, The precipitate dissolves if it is ВІОСІ or 
BIONO.. 
3(b): Part-I : Treat the precipitate with NaOH solution (-2M). Precipitate does not 
dissolve, (distinction from tin). 
3(c): Part-III: Treat the precipitate with tartaric acid. Precipitate does not dissolve, 
(distinction from antimony) 
(4) H,S - water 
To 1-2 drops of the test solution in a semi-micro test tube add 1-2 drops of H,S-water. 
Brown precipitate of bismuth sulfide to formed. 
2В81°* + 3H,S > Bi,S,+ + 6H" 
The precipitate does not dissolve in dil. hydrochloric acid or in ammonium sulfide solution. 


However, it dissolves in boiling сопс.НСІ with liberation of H,S and in hot dil. HNO, producing 
white precipitate of colloidal sulfur. 


Bi,S,(s) + 6HCI — 2BiCl, + 3H,S7 
Bi,S,(s) + SHNO, — 2Bi(NO,), + 2NOT + 3S4 + 4H,0 


(5) Aqueous — NH, solution 
To 1-2 drops of the test solution in а semi-micro test tube add drops of (1:1) aqueous 
- NH,. White precipitate of basic bismuth salt of varying *omposition is produced, which does 
not dissolve in excess of the reagent (difference from Cu?* and Cd^*). 
Bi(NO,), + 2NH, + 2H,0 э Bi(OH),NO,4 + 2NH,NO, 
Bi(NO,), + 2NH, + H,0 —> BiO(NO, )} + 2NH,NO, 
(6) Potassium iodide solution 
To 1-2 ml of dil. HCl or dil. HNO, solution of the sample add | drop of 10% KI solution. 
Black precipitate of Bil, is produced if bismuth is present, 
Bie? + 317 — Bil] 
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Add a few more drops of the KI reagent to the black precipitate and shake. The precipitate 
dissolves producing an orange coloured solution due to the formation of tetraiodobismuthate 
(IIT): 

Bil.(s) + 17 = [Bil;] 

Dilute the resulting solution by pouring it into a large volume of water in a test tube or 
in а small beaker, the reverse reaction takes place and black precipitate of Bil, reappears, 

Boil the precipitate with water, it turns orange due to the formation of bismuth oxyiodide 
(or bismuthyl idide): 

Bil,(s) + H,O — BiOly + 2H* + 2Г 

Identification limit : 25y of Bi. 

Confirmation 

(1) 8-Hydroxyquinoline (5%) - KI (6M) reagent 

Place a drop of the reagent on a drop-reaction paper and allow the spot to dry. Add | 
drop of weakly acidic test solution on the spot using a capillary dropper. A red spot appears 
due to the formation of 8-hydroxyquinoline-tetraiodobismuthate complex. 


С) |] +H" = iu 
N 
OH 
8-Hydroxyquinoline (8HQ) 
Bi^ + 41- + [8H,Q*] > [8H,Q"][Bil;]] 
In the absence of other halide ions, this reaction is characteristic for Ві?" ion. 
Identification limit: Vy of Bi. 


(2) Test with cinchonine-KI reagent 


Reagent; Dissolve 1g of cinchonine by warming in 100 m/ of distilled water containing 
a few drops of HNO. Cool the solution to room temperature and dissolve 2g of KI in it. 

In presence of KI, cinchonine base (B) reacts with weakly acidic solution of bisnuth (11) 
salts to produce orange-red precipitate of double iodide of formula, Bil,.B.HI, which may be 
regarded as the cinchoninium salt, BH'[Bil;], of iodobismuthic acid, H[Bil,]. 





[B] Cinchonine 


: | 


© 
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Place a drop of the reagent on a drop reaction paper and allow the spot to dry. Add a 


drop of the weakly acidic test solution on the spot using a capillary dropper. Appearence of 
orange-red fleck indicates Bi?* ion. 


Identification limit: 0.15y of Bi. 
Dilution limit : | : 3,5 x 105 


(2а) Test for Bi?* in presence of other metal ions 


Pb** and Hg?* form coloured iodide salts. Cu2* oxidizes iodide to liberate iodine with 
precipitation of Cu,l,, which appears as a brown precipitate in presence of iodine. Thus, Cu?*, 
Pb** and Hg?* interfere the cinchonine - KI test for Bi?*. Within certain limitations, however, 
the test for Ві?" can be carried out even in the presence of these interfering ions, since due 
to diffient rates of diffusion of these ions through the capillaries of the drop reaction paper 
(Whatman No. 1 filter paper), they are concentrated at different zones of the paper. More over, 
Cu^*, Pb^* and Hg^* ions react with I~ ion present in the reagent solution at different rates. 
Thus, when a drop of the weakly acidic (dil.NHO,) test solution containing Bi?*, Cu**, Нр?" 
and РЬ?” ions is placed on the drop reaction paper impregnated with the cinchonine-KI reagent, 
four different zones can be observed: 

(1) : a white central ring containing the mercury compound, 

(2) : an orange coloured ring containing the bismuth compound, 

(3) : a yellow ring of lead iodide, 

(4) : a brown ring of iodine liberated by the reaction Cu(II) with KI. 


The rings or the zones will be wider or narrower depending upon the concentrations of 
the different metal ions. 


(3) Test with potassium chromithiocyanate, K,[Cr(SCN),], reagent 
Reagent : 3% Alcoholic solution of K;[Cr(SCN),]. 
In weakly acidic solution Bi(III) salts react with K,[Cr(SCN),} complex producing an 
insoluble brick-red precipitate of bismuthchromithiocyanate: 
Bi?* + K4[C( SCN),] ^ Bi[Cr(SCN),]] + ЗК” 


Hg^*, Ag*, TI* and Pb?* also give insoluble products with this reagent, but the colour of 
these products are either yellow or pink. | 

Place a micro drop of the test solution on a drop-reaction paper with the help of a capillary 
tube and allow the paper to dry by placing it on a watch glass covering a beaker of boiling 
water. Add | drop of alcoholic solution of the reagent and dry as before. Add 1-2 дгорѕ ої 
dil.H,SO, using a capillary dropper. A brick-red fleck or ring is produced depending upon the 
bismuth content. 

Limit of identification: 0.4y of Bi. 

Limit of dilution : V : 3.4 х 10% 
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4.6 Reactions of Copper (Cu! & Cu) 
Indication 


(1) Flame test 
Green flame in presence of halides, i.e, when the sample is moistened with сопе.НСІ. 


(2) Borax-bead test 


Oxidizing flame: green when hot, blue when :oid. 
Reducing flame: Colourless or opaque red. 


(3) H,S-water or ZnS slurry 


The test may be applied directly on the solid sample if it is not black coloured. Otherwise 
the test may he applied оп aqueous or weakly acidic solution of the sample. 

Place a drop of the test solution or a grain of the solid sample (if not black) on a spot 
plate and add | drop of H,S - water. Immediately black precipitate of CuS appears. 


Cu2* + HS + СиЅ4 + 2H* 


The precipitate is insolule in dil.H,SO, (~ 1M) even on boiling (distinction from CdS), 
insoluble in Na, S solution (distinction from HgS), NaOH and ammonium sulfide solutions, 
but soluble in hot.dil. HNO, with separation of sulfur. 


3CuS(s) + 8HNO, — 3Cu(NO,), + 354 + 2NOT + 4H,0 


Alternatively, place a drop of the test solution on a spot paper and add a drop of H,S- 
water. A black spot results due to the formation of CuS. 

The test may also be conducted with a slurry of zine sulfide, which may be prepared as 
follows: 

Take | ml of zinc acetate solution (1%) in 2% NH,CI in a centrifuge tube, add a few 
drops of ag-NH, solution to render the solution ammoniacal. Add drops of H,S-water, when 
white precipitate of ZnS appears. Centrifuge and reject the centrifugate. Wash the white 
precipitate of ZnS with water containing little NH,Cl and NH, by repeated centrifugation. 

Now place a small amount of precipitated ZnS slurry on a drop reaction paper and allow 
the spot to dry. Place a drop of the test solution on the white spot of ZnS. Immediate blackening 
will be observed if Cuꝰ is present. 


ZnSís) + Cu?* — CuS+ + Zn** 
The above reaction proceeds from left to right as the solubility product of CuS is much 
lower than that of ZnS. 
CuS g Cu" + S> Ky, = 63x107* (25°С) 
ZnS = Zn** + S> к” 1.58x10 (25°C) 
АШ metallic sulfides of solubility product lower than that of ZnS respond to this test. 
Interference due to CdS (yellow) can be eliminated by adjusting the acidity to ~0.3 M. However, 
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mercury, lead, bismuth interfere. Co?*, Ni?*, Mn? may be rendered harmless by conducting 
the test in acid (— .3M) mediun. 


(4) Ammonia solution 


To | drop of neutral or weakly acidic test solution add | drop of dilute ag-NH, solution, 
Sky blue precipitate of basic copper salt appears, which dissolves on addition of execss of 
ammonia, forming a deep blue solution of tetraamminecuprate (I1) complex ion : 


2CuSO, + 2NH, + 2H,0 — Cu(OH),.CuSO,+ + 2NH,* 
Cu(OH),.CuSO,(s) + 8NH, — 2(Cu(NH,?*] + Sol" + 20H" 

This reaction is characteristic of Си?* in absence of Ni?*. The test may even be applied 
on solid copper compounds execpt Cus. 

(5) Potassium iodide (10%) solution 

Although E*(Cu?*/Cu*), *0.153 volt is less than E*(L/2I), +0.54 volt, but due to lower 
solubility of cuprous iodide (Си„1„, pK, = 11.96), the formal potential (E^) of Cu?*/Cu* couple 
exceeds that of 1,/217 couple in presence of I^ ions. As a result, Cu** oxidizes 17 to liberate 
l, with precipitation of Cu,l,, (cf. Sect, 2.4). 

2Cu** + 41- — Cub] + 1, 

Although Cul, is milky white, but due to adsorption of l, on it, the resulting precipitate 
appears brown in colour, which on addition of drops of sodium thiosulfate, or, sodium sulfite 
solution, turns milky white, as l, is reduced to 17 by these reagents, 

I, + 28,0} 22F* s406 
l + so2- + Н,0 > 21- + soj- + 2H" 

The precipitate of Cu,l, dissolves in excess of KI solution due to the formation of the 
complex, [Cul] ion : 

Cul, + 6KI = 2[Cul] + 6K* 

(6) Ammonium or potassium thiocyanante solution (0.1 M) 

To 1-2 drops of the neutral or weakly acidic test solution add | drop of the thiocyanate 
solution. Black precipitate of Cu(II) thiocyanate appears, which slowly decomposes to white 
precipitate of Cu(T) - thiocyanate with liberation of thiocyanogen, (SCN), gas, as thiocyanate 
ion is oxidized by copper (II). 

Cu?* + 28CN- — Cu(SCN),] 
2Cu(SCN), (s) =» 2CuSCN+ + (SCN),t 
We i uci h as, SO,-water, 

Black precipitate of Cu(SCN), on treatment with a reducing agent, such as, 50; 
or, sodium bisulfite, (NaHSO, or Na,SO, + dil.H,SO,), is readily transformed to white CuSCN. 

2Cu(SCN),(s) + 50, + 2H,0 — 2CuSCNL + 2SCN + SO" + 4H" 





(7) Metallic iron 

Since, E*(Fe'/Fe*) = — 0.44 volt and E*(Cu/Cu*) = 40.35 volt, Си?? is reduced to metallic 
Cu? by Fe^, which is oxidized to Fe**, Insert a clean iron wire or a knife, or, a bled into 
а solution of Cu(Il) salt and keep it as such for a few minutes. The iron 15 coated with a 
red deposit of metallic copper. 


= "A * » "54 
Cu*^ + Fe? + Си° + Fe: 


(8) Potassium ferrocvanide solution [K,Fe(CN),] (0.025M) 

To 1-2 drops of neutral or weakly acidic (acetic acid) solution of the sample on a spot 
plate, add | drop of K,[Fe(CN),] solution. Redish brown precipitate of Cu(Il)- ferrocyanide 
appears if Cu^' is present. 

2Cu** + K,[Fe(CN),] — Cu,[Fe(CN),]& + 4K* 


Iron, molybdenum and uranium interfere. 

The precipitate of Cu,|Fe(CN),] is insoluble in dilute acids (difference from uranium) but 
soluble in aqueous - NH, giving a blue solution. The precipitate is decomposed by NaOH, 
which transforms it into blue Cu(OH),. 

Fe" gives white to pale blue precipitate of K;Fe[Fe(CN),]. Ее!!! gives Prussian blue 
precipitate of Fe,[Fe(CN),].. 

Molybdenum ferrocyanide is red-brown in colour, insoluble in dilute acid but readily soluble 
in solutions of caustic alkalies and ammonia (difference from uranyl and Cu(II) ferrocyanides). 
Uranyl ferrocyanide is soluble in dilute HCI (diffence from copper). On treatment with NaOH 
solution, the brown precipitate of uranyl ferrocyanide turns yellow due to the formation of 
sodium diuranate, Na UO, (distinction from copper and molybdenum ferrocyanides). 


Confirmation 


(i) Ammonium mercuri-thiocyanate & Zinc-acetate reagent 
Reagent: (i) Dissolve 9g of ammonium thiocyanate and 8g of mercuric chloride in 100 
m! of water. 
(n) 1% Zinc acetate in 2% NH,CI solution. 

Place a minute drop of the neutral or weakly acidic (acetic acid) test solution on a spot 
plate. add | drop of 1% zinc acetate solution and | drop of ammonium mercuri-thiocyanate 
reagent. Stirr with a glass rod. Deep violet crystalline precipitate appears due to coprecipitation 
of Cu[Hg(SCN),] and Zn[Hg(SCN) 4]. 


(Сы? + Яа?" + 2(NH,).[Hg(SCN),] э Cu[Hg(SCN),] Zn[Hg(SCN),] | + 4NH,* 
Note 


(1) Sequence of addition of the reagents and test solution should be maintained. Addition 
of Cu! to Zn[Hg(SCN),] alredy formed has no effect. 

(2) This reaction also serves as a test for Zn?*, when Си! acetate solution in dil.acetic 
acid is used as a reagent. 
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Co" and Ni" interfere, since they form blue and green precipitates of the corresponding 
mercurithiocyanato complexes, M'[Hg(SCN),], M = Со!!, Ni", Fe ion interferes, forming 
blood red coloured Fe''(SCN)?* complex. Interference due to Ее! ion may be eliminated by 
carrying out the test in presence of NH,F or NH,-oxalate, which forms strong complexes with 
Ее!!! and prevents its complex formation with SCN- ion. 


(2) Catalytic effect on Fe! - thiosulfate reaction 


Ее?* ion rapidly reacts with thiosulfate ($4017) ion to form violet coloured complex, 
[Fe (S,0.)7] ion, which slowly reacts with the remaining Fe?* ions in solution with gradual 
disappearance of the violet colour. But in presence of Cu** ion, this latter reaction takes place 
rapidly. 

Fet + 25,047 — [Fe(S,0,)5] (rapid) 
[Fe(S,0,);] + Fe” —^ 2Ее?* + SO; (slow) 
Net reaction: 2Fe** + 25,057 э 2Fe** + S 107 (slow) 


Although Fe?* ion is a hard Lewis acid but due to complex formation with softer 5,0; 
ion, it is softend and the resulting complex [Fe(S,0,)5] is no longer hard, rather it is borderline 
or soft. As a result, if the borderline metal ion Cu?* is present, the complex [Fe(S,0,);] does 
not react with hard Ре?” ion, but rather reacts with Cu?* ions producing Cu" ion, which once 
formed, rapidly reacts with Fe** ion to regenerate Cu?* ions, scince E°(Fe?*/Fe**) = +0.77 
volts is sufficiently greater than E*(Cu?*/Cu*) = 0.153 volt. 


[Fe(S,0,);] + Cu* — Cu? + Fe* + 5,067 (rapid) 
Cut + Fe* — Си2* (regenerated) + Fe** (rapid) 
Net reaction: [Fe(S40,)5] + Feit 2 2Fe** + S40; (rapid) 


This is how Cu? catalyses the reaction of Fe** with 5,057 ion. 

The reaction can also be carried out in presence of thiocyanate (SCN") ion, which forms 
blood red coloured Fe(SCNY?* complex ion with Ее?*. As this complex is very slightly 
dissociated in presence of sufficient excess of SCN- ion, so the concentration of free Fe** 
ion is much less, hence the rate of its reaction with S,01 ions, in fact, rates of all the reactions 
in which Fe?* ions participate, are appreciably lowered. As a result of this, the catalytic effect 
of Cu?* ions becomes particularly evident under this condition. 

The reaction velocity, i.e., the time required for decolourization, is employed for detection 
of minute amount of Cu?*. 

Place a drop of the test solution and a drop of distilled water on two adjacent cavities 
of a spot plate. Add | drop of Fe'"'-thiocyanante reagent and 3 drops of 0.1 М sodium thiosulfate 
solution to each of these cavities and mix uniformly with two separate glass rods. 
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Decolourization of copper free (blank) solution requires ~1.5 to 2 minutes, Whereas, 
decolourization of the test solution containing even a minute trace amount of Сит“ ion is 
instantaneous. 

Ferri-thiocyanate reagent: Dissolve ~|.5g of ferric chloride and 2g of KSCN ог NH,SCN 
in 100 mi of 0.01 M HCI. 


(3) Rubeanic acid (dithioxamide) test 

Reagent: 0.5% solution of rubeanic acid in 95% ethanol. The reagent does not keep well 
in solution. Always freshly prepared reagent solution should be used. 

Place a drop of the neutral test solution on a drop-reaction paper, expose the paper to NH, 
vapour by holding it over the open mouth of aqueous NH, solution. Add a drop of rubeanic 
acid (1 = 2) reagent using a capillary dropper. A black to greenish-black spot due to copper 
rubeanate (3) is formed if Cu** is present. Insolubility of the precipitate in ammonia and organic 
solvents that dissolve rubeanic acid, suggests a polymeric structure for Cu''-rubeanate complex. 


Н,М T S NH ias Pu 
N le 
2 N — С Cu `c —C 
' 1 "m | doo di 

H5 SH 5 S 

Б 
Cu 
(1) (2) (3) 


Traces of Cu?*, that may be present even in distilled water, also responds to this test. A 
blank test must always be carried out. 

Limit of identification : 0.006y of Cu 

Limit of dilution : | : 2.5 x 106 

Ni" and Co"! if present, interfere by yielding blue and brown precipitates under the same 
condition. Copper may be detected in presence of these metal ions by capillary separation on 
the filter paper. The following procedure is recommended. 

Impregnate a drop-reaction paper (Whatman No. 1) with the reagent solution and allow 
the paper to dry. Add a drop of the test solution acidified with acetic acid (~ 2M). If Ni! 
and Cu! are present, two circled zones will be formed. The central olive-green to black ring 
will be due to copper rubeanate and the outer blue-violet ring will be due to nickel rubeanate. 

Limit of identification : 0.05y of Cu in presen of 20,000 times of Ni. 

Limit of dilution: | : | x 10° 

If Co" and Cu are present, the central olive-green to black ring due to copper rubeanate 
will be surrounded by vellow-brown ring due to cobalt rubeanate. 

Limit of identification : 0.25y of Cu in pressem of 2000 times of Co 

Limit of dilution : | : 2 x 106 


Confirmatory test of copper through masking of interfering ions 





the neutra! test solution. Add 1 drop of 10% aqueous solution of ethylinediamine and then 
a drop 1% solution of rubeanic acid in 95% ethanol, A green stain appears if Cu^* is present. 
(4) Test with œ- benzoinoxime (or Cupron) reagent 
Reagent: 5% solution of a-benzoin oxime in 95% ethanol. 
| a-Benzoin oxime (1) reacts with Cu?* ion in weakly acidic solution to form green coloured 
innermetallic chelate complex (2), which because of its polymeric structure, does not even react 
with NH. to produce the deep blue complex Cu( NH , );* ion. 


Н.С f C.H 
| je 615 
CH — € 
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Metal ions which precipitate as hydroxides in presence of aqueous - NH,, should be Кер! 
in solution as tartarato complexes by adding NaK - tartarate. But large amount of tartarate 
and ammonium salts should be avoided, as Си?* ion is also complexed by tartarate and NH, 
and sensitivity of the reaction of Cu** may be lowered. If the test solution is strongly acidic, 
or, contains ammonium salts, evaporate the solution to dryness in à FUME CUPBOARD, then 
ignite with a drop of HNO, to decompose the NHj salts, cool and take up with a drop of 
dil.HCl before applying this test. 

Place a drop of the weakly acidic test solution on a drop-reaction paper and allow the 
spot to dry. Add a drop of the a-benzoin oxime reagent and hold the paper over ammonia 
vapour. A green colouration will be observed if Си?“ is present. 

If the presence of other metal ions, particulary those forming hydroxide precipitates with 
aqueous - NH, are suspected, add a drop of 10% Nak-tartarate solution to the paper before 
the addition of a-benzoin oxime reagent. 

Alternatively, impregnate a strip of a Whatman No. 1 filter paper with 5% ethanolic solution 
of a-benzoin oxime and allow the spot to dry. Cut the dry reagent paper into strips (1 mm 
x 10 mm). Dip one of these strips into a warm drop of the test solution and allow to stand 
for a few minutes and then hold the paper strip over a bottle of aqueous-NH, solution. A distinet 
green zone will develop in presence of Си?" ions. 

Limit of identification: 0.\ү of Cu 

Limit of dilution : | : $ х 10% 
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(5) Test with salicylaldoxime 

Reagent: Dissolve lg of salicylaldoxime in 5 m? of ethanol and add this solution to 95 
ml of hot (« 80° C) water. An oily suspension that is initially produced, almost disappears 
on gentle shaking. Filter and use the filtrate for the test. 

Cu** reacts with salicylaldoxime (1) in weakly acidic solution to give a greenish yellow 
precipitate of the inner metallic complex, bis-salicylaldoximatocopper (11), (2), soluble in dilute 
mineral acids (HCl, НМО,, Н„5О,). 
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Place 1-2 drops of the test solution in a semi-micro test tube and add drops of aqueous- 
NH, unitl just a faint turbidity appears. Add drops of dil.acetic acid just to dissolve the turbidity 
and then add a drop of the reagent. Yellow-green precipitate or turbidity appears if Cu?” is 
present. 

Limit of identification: 0.5y of Cu 

Limit of dilution : | : | x 10% 

4.7 Reactions of Cadmium (Cd!) 

Indication 

(1) Ignition test 

When heated strongly with sodium oxalate in a dry test tube, cadmium compounds are 
reduced to metallic cadmium and form a metallic mirror surrounded by a brown stain of 
cadmium oxide, 

Cd^* « C,01* 2 Cd* + 20,7 

When heated with а small amount of sulfur powder, the metallic mirror of Cd is transformed 

into yellow cadmium sulfide 
Cd? + S + CdS 

Place a grain («0.1 g) of the solid sample mixed with an equal amount of sodium oxalate 
(Na,C,O,) in an ignition tube and heat strongly. A metallic mirror of Cd is produced with 
brown stains at the edges. Cool to room temperature and add a small amount («0.1g) of sulfur 
powder avoiding contact with the wall of the ignition tube and heat again. The metallic mirror 
of Cd gradually transforms into orange CdS, which becomes yellow on cooling to room 
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Note: Cadmium oxide (CdO), formed on thermal decomposition of cadmium salts, varies 


in colour from greenish vellow through brown to nearly black depending up on temperature 
and duration of heating. 


(2) H,S-water or ZnS-slurry 


Place a drop of the neutral or weakly acidic («0.3 M) test solution on a spot plate and add 
à drop of H,S-water or ZnS slurry. Yellow precipitate of CdS is formed if Cd?* is present. 


Cd** + H,S — CdS4 + 2H* 


The precipitate of CdS is soluble in concentrated acid («40.5 M). 


N.B. Cu?*, РЬ2*, He3*, Hg?*, BP*, Ag", As (IM, V), Sb (Ш, V) Sn (11, IV) interfere. 
But CdS is soluble in dil. -0. 5 M HCI (difference from Hg?', Cu?*), insoluble in ammonium 
sulfide and sodium sulfide (difference from As, Sb, Sn), insoluble in sodium sulfide (difference 


from Hg). Hes" . Ag* and Pb?* may be removed as their chlorides by treating the test solution 
with diLHCl, Pb?*, Hg?* and Ві?" may be removed as hydroxides by treating the test solution 
with aqueous - NH, solution. If Cu** is present along with Cd?*, both remain in solution as 


their ammine complexes, Cu( NH M and Cd(NH3)4* after treatment with aqueous-NH.. 


Copper may be removed from this mixture in а number of ways. 

(1) Ву treating the solution with alkaline Na-K tartarate, which complexes both Cd^* and 
Cu**. If this mixture is boiled with glucose, Cu(II) tartarate complex is reduced and copper 
is precipitated as red coloured Cu,O, which may be removed by centrifugation. 

(ii) By adding drops of SO, - water or sodium bisulfite, in weakly acidic (~0.2 M) solution 
Cu^* is reduced to Си”, which is quantitatively precipitated as white CuSCN on addtion of 
NH,SCN or KSCN solution, keeping Cd?* in solution. After separating CuSCN by centrifuging 
id then removing SO, by boiling, the centrifugate may be tested for С d^* with H,S-water 
after reducing the acidity («0.1 M). 

(iii) If a solution containing Cd?*, Pb?*, Cu?* and Ві?“ is treated with glycerol (1) in presence 
of excess of NaOH solution, Cd?" is precipitated as its hydroxide, Cd(OH),. whereas, the other 
metal ions remain in solution as their glycerate complexes (2), which may be removed by 
centrifugation. 


(mon сњ, - о — 
22. 
CHOH 4 M -> CH-O 
CH,OH CH,OH 
(1) (2) 


Take 1-2 drops of the test solution in a centrifuge tube and add equal volume of glycerol 
and a drop of NaOH solution (2M). Centrifuge and reject the centrifugate. Treat the precipitate 





once again with elycerol and NaOH solution as hefore, centrifuge and discard the centrifugate 
to remove the last traces of Cu(II), РЫШ) and ВШ) glvcerates. Wash the precipitate with 
water bv repeated centrifugation. To the white precipitate of Са(ОН), add 1 drop of H,S-water. 
The preipitate turns yellow if Cd** is present. 


(2a) Test of for Cd^* by capillary separation 


Place a drop of the weakly acidic (< 0.3 M) test solution on a drop reaction paper and 
allow the spot to dry. Add | drop of H,5 ~ water using a capillary dropper. Blackening occurs 


if Ноз“. Нег". Bi?* and Cu** are present along with Cd?*, Now slowly add dil.HCl (— 1M) 


on the black spot using a capillary dropper. A wet zone surrounding the black spot, gradually 
moves out of the black spot towards the periphery of the paper. Dry the paper and hold it 
over a bottle of ammonia. A yellow ring or a yellow zone is formed out side the black spot 
if Cd is present. 

Due to comparatively higher solubility of CdS over the sulfides of mercury, copper, lead 
and bismuth, although CdS is precipitated in weakly acidic («0.3 M) medium, but it dissolves 
if the acidity is higher (—1 M). pK, values (at 25°C) of the sulfides precipitating in dil.HCI 
medium are given below: 

Cds PbS CuS Си,5 Hgs Ag,s Biss. ZnS 

pK: — 26] 26.6 352 47.6 -52 49.2 97 24 

Due to marked difference in the pK... values of the sulfides, capillary separation of Са2* 
from Cu^', Си", Hg^'. Ag' and Ві?” may be possible by this technique, but such separation 
of Cd^* from Pb?* may not be possible, as the PK „ values of CdS and PbS are very close. 

Instead of using H,S - water as the reagent for this test, a slurry of freshly precipitated 
anc sulfide (ZnS) may also be used. Since the solubility product of HgS, Ag,S. Bi,S, etc., 
are much lower than that of ZnS, the corresponding metal ions react with white coloured ZnS 
and snatches the S^- ion to produce the charactristically coloured precipitates of their own 
sulfides on the surface of white ZnS. 


ZnS(s) + Cd** + CdS+ + Zn? 
ZnSís) + Cu? — CuS} + Zn? 

Now, if Cd** is present along with Сиг? or Hg?*, initially a black precipitate or a black 
spot is formed as the yellow colour of CdS is masked by the black colour of copper or mercury 
sulfides, On treatment with dil. HCI (~! M) CdS passes into solution and Cd^* ions move away 
due to capillary action. On exposure to NH, vapour, the acid is neutralized, and CdS is again 
precipitated, forming a yellow ring surrounding the black spot. 


Confirmation 
(1) Test with fris-bipyridy! Fe! iodide, [Fe(bipy)}*|(I"), reagent 


Reagent: Dissolve 0.15 g of FeSO,.7H,O or 0.2 g of Mohrs salt [((NH,)SO,. FeSO,. 6H,0] 
and 0.25 g of 2, 2'-bipyridine in 50 ml of 0.01 M HCI or HNO, (prepared from AR samples). 
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Add 10 g of KI and shake vigoruusly for ~30 minutes. Filter off the deep red coloured precipitate 
of [Fe(bipy),]L,. The filtrate is a saturated solution of this salt and contains sufficient excess 
of iodide ion to accomplish the formation of the complex ion, [CdI2-], which is essential for 
this test. The reagent solution is quite stable. If any turbidity appears, the solution should be 
filtered before use. 

In weakly acidic medium (~0.01 M) Fe?* ion reacts with 2, 2'-bipyridine (bipy, 1) to form 
the red coloured fris-bipyridyliron (II) complex, [Fe(bipy)?*] ion (2). This complex cation 
combines with large size anions, such as [(Cdl7-]. [Hgl2-], [Ni(CN);-] etc. to form red coloured 
crystalline compounds. At high concentration of iodide ion, the iodide salt, [Fe(bipy).]l. 
precipitates. The precipitation of red-violet coloured [Fe(bipy),] [Cdl,] maybe used for detection 
of Cd** if a saturated solution of [Fe(bipy),]l, in presence of excess of I” ion is used as the 


reagent. 
> 
3 е був” an S 
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(bipy) (Fe(bipy)*] 
(1) (2) 
[Fe(bipy)?*] + 4I- + Cd?* — [Fe(bipy),}[Cdl,]+ 


Place | drop of the neutral or weakly acidic or ammoniacal test solution on a drop-reaction 
paper and add | drop of the reagent using a capillary dropper before the test solution is absorbed 
by the paper. The reaction occurs at once, An intense red fleek or a ring is formed at the 
centre due to precipitation of the cadmium complex, which becomes visible against the reagent 
colour, that spreads throughout the paper. 


Limit of identification г 0.05y of Cd 

Limit of dilution : | : | х 10° 

Metal ions such as Ag*, TI^, Pb?*, Hg?* etc. which form insoluble precipitates with I 
interfere. Cu?* in neutral or weakly acidic solution oxidizes iodide to iodine and itself is reduced 
and precipitated as Cu,l,, which appears brown due to adsorption of iodine, Mercury, tin, 
antimony, bismuth salts form soluble complexes with large excess of I7 and such complexes 
also combine with [Fe(bipy)2*] to yield red precipitates. If these interfering ions are suspected, 
prior to applying this test, treat the test solution with dil HCl and dil.H,SO,, to precipitate 
AgCI, ТІСІ, PbCl, and PbSO,. Centrifuge and render the centrifugate ammoniacal, when 
mercury and bismuth, if present, are precipitated as hydroxides or oxides. Remove any 
precipitate formed at this stage by centrifugation. The clear ammoniacal centrifugate contains 


Cu( NH e and Cd(NH, y? ions. If this ammoniacal test solution is treated with the reagent, 





Cu( NH; due to its higher stability remains unreactive, whereas, Cd( NH — due to its 
lower stability, reacts prompty with the reagent. Zn^* if present, remains as Zni МН? in the 
ammoniacal extract and. does not react with the reagent. 
Limit of identification: 
0.08 of Cd in presence of 5000 times this amount of Cu. 
0.01 of Cd in presence of 5000 times this amount of Zn. 


4.8. Reactions of Arsenic (As, AsO; , As", AsO ;) 

Caution: All As compounds are poisonous. Only small quantity («0.1 g) should be used 
for tests avoiding physical contact with the materials. 

Indication 

(I) Ignition test: (To be carried out inside FUME CUPBOARD) 

Sublimate formation 

Place а grain (<0.1 g) of the solid sample in a dry ignition tube, plug the mouth of the 
test-tube with a piece of clean cotton wool and heat on a Bunsen flame, slightly tilting the 
test tube. A steel-grey to white sublimate is formed if As compounds are present. The colour 
of the sublimate may be yellow if As is present as sulfide. 

(2) If a sublimate is formed in test (1), perform the ignition test with following modification. 

Mix а minute quantity of the sample (< 0.1g) with 4 times its bulk of anhydrous Na,CO, 
and a little charcoal powder. Place the mixture in a dry ignition tube avoiding adherence of 
the particles to the wall of the tube. Plug the mouth of the ignition tube with a piece of clean 
cotton wool and heat the contents on a Bunsen flame, holding the tube slightly tilted. A 
brownish-black mirror due to elemental As is formed if As is present. 


Аѕ,0, + ЗС — 2As + 3COT 
Аѕ,О, + 5C — 2As + SCOT 
(3) H,S - water 
To | drop of neutral or weakly acidic test solution add | drop of H.,S-water, 
Аѕ(Ш): Yellow precipitate of As,5, is formed if As is present as As(III)/ AsO; . 
2As** + 3H,S > As,S,} + 6H* 
2AsO; + 3H,S + 6H” — As,S,| + 6H,O 
As(V) : No immediate precipitate is formed, but on adding an excess of HS-water, yellow 


precipitate of As,S, slowly appears with separation of milky white colloidal sulfur, due to 
oxidation of H,S by As(V): 


AsO; + Н,5 — AsO} +5 4+ Н,0 
24503" + ЗН,5 + 6H* > As,S, $ + 6H,0 
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If a milky solution results on addition of H,S-water, reduce As(V) to As(IIl) by adding 
|-2 drops of SO,- water before adding H,S-water, boil off the excess of SO,, and then add 


H,S-water. Alternatively, add | drop of KI solution (—0.1M) which acts as a catalyst in the 
reduction of As(V) to As (III). 


АзО +217 + 2H* > AsO?" +1, + HO 
The l, that is liberated is reduced by H,S to regenerate I, which is the catalyst. 
|, + Н,5 — 21- + 2H* + Si 
In presence of large excess of conc.HCl, however, yellow precipitate of arsenic pentasulfide 
(As,S.) is formed, 
2А504 + 5Н,5 € 6H* — As,S, | + 8H,0. 
(4) Test with precipitated arsenic sulfides 


Centrifuge the precipitated arsenic sulfide, reject the centrifugate and place the slury of 
the residue on the adjacent cavities of a spot plate using a dropper. Add | drop of NaOH 
(-2MyNa,CO; (~0.5M)/ag-NH, (1:1)/(NH,),CO, (saturated (NH), S((NH,),S, respectively 
on the different cavities. The yellow precipitate dissolves, but reappears on acidification with 
dil.HCl. 

Both As,S, and As,S. are soluble in alkali hydroxide, ammonia, sodium carbonate, 
ammonium carbonate, ammonium sulfide and ammonium polysulfide, forming oxy-, oxythio- 
and thio-salts: 


Аѕ,5; + 60H” — AsO} + AsS; +3H,0 
ASS; + 60H^ — AsO,S" + Аз${ + ЗН,О 
AS S} + 3527 — 245537 
As,S, + 3527 — 2AsSi 
As,S, + 4537 — 2AsS} + 5; 
Аѕ,5, + 6S1- — 24553 + 3537 


ASS; + 3COI- > Аѕ5 + AsO,S*~ + 3СО, T 


— th : -. | с ЖИР 
[ AsO} : arsenite, AsS} : thioarsenite; AsO; : arsenate, А50;5° : oxythitoarsenate, 


AsS, : thioarsenate] 

Thio salts of Аѕ(Ш) and As (V) decompose on acidification, with precipitation of the 
corresponding sulfides and evolution of H,S. Excess polysulfide, if present, is also decomposed 
bv acid, producing colloidal milky sulfur with liberation of H,S. 


245537 + 6H* — As,S; $ + 3Н;5 Т 
2ASSQ + 6H* — Аз;5; 1 + 3H,S T 
S1 +2H* +H ST+S4 
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Oxythio-salts may be transformed to thio-salts by reacting with H-S, 
А505? + 3H38 — AsS} + 3H,0. 

Resulting thiosalts are decomposed by acid accordingly. 

(4) Silver nitrate solution (0.1 M) 


As (III): Yellow precipitate of silver arsenite (Ag,AsO, ) is formed in neutral solution. The 
precipitate is soluble in dilute mineral acids and in ammonia. 

As (V): Brownish-red precipitate of silver arsenate (Ag, AsO 4) is formed in neutral solution. 
The precipitate is soluble in dilute mineral acids and in ammonia, but insoluble in acetic acid: 


AsO; + 3Agt > Ар;А$О; 1 
AsO} + ЗАБ — Ag,AsO, i 


Note: CrOT , Fe(CN је" Fe(C №)” with which Ар” forms coloured precipitates, that are 
insoluble in acetic acid, interfere in this test. 

Place a drop of the test solution in a semi-micro test tube and add a few drops concentrated 
NH. and a few drops of “10-volume” Н. ;0,. Warm the mixture and acidify with acetic acid. 
Add 1-2 drops of AgNO, solution. A brownish red precipitate appears if As is present. 

Note: In ammoniacal medium H,O, oxidizes As(IIl) to As (V): 


AsO) + H-0, — AsO; + Н.О, 
5. Test with CuSO, solution : Formation of Scheele's green 


In neutral solution arsenite (А5057) reacts with Си?” ion to produce a green precipitate 


of copper (1) arsenite, formulated as CuHAsO, and Cu.(AsO.),.xH4O, popularly known as 
Scheele's green. 


Cu + HAsO, — CuHAsO, + 2H* 


The precipitate is soluble in dilute mineral acids and also in aqeuous ammonia solution 
producing blue solution. On boiling with NaOH solution (~ 244) the precipitate dissolves and 
red precipitate of cuprous oxide (Cu,O) appears as Си! is reduced to Cu! by As", 


2CuHAsO, + 20H" — Сь,0+ + HAsO} + Н,АѕО, 


Confirmation 


(1) Reversible redox reaction with 1,/2I- couple 
Formal potential (E) of 1,/2I- couple (E° = +0.53V) is independent of pH upto pH-8, 


whereas, the E’ values of AsO} / AsO} couple are pH dependent: 
Acidic solution: HAsO, + 2H* + 2e & HASO,+2H,0 E° = 0.56 volt 
Alkaline solution: AsO} + 29,0 + 2e # AsO, + 40H- E° = -0.71 volt. 
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Thus, arsenite (AsO,~ or AsO; ) 15 oxidized to arsenate (AsO; ) by iodine-iodide mixture 
( Ыг, ie, triiodide, 1.7) in basic solution, on the other hand, in strongly acidic medium, arsenic 
acid (H.A5O,) oxidizes iodide to iodine, which combines with excess 1- to form the triiodide 
|, топ. The whole reaction sequence can be made reversible by adjustment of acidity (cf. Sect 
2.4), If the reaction is carried out in presence of starch indicator, the revesible colour change 
from blue (1,) to colourless (17) to blue (L) maybe observed. 
Arsenite (А5057) decolourizes the brown colour of I4" (or blue colour of starch - 
|.) according to, 
AsO} +1; +H,O = AsO} + 317 +2H* 


The reaction can be made to proceed to the right by removing the liberated H* ions with 
a buffer solution of pH = 8. This can be accomplished by adding sodium bicarbonate solution. 

Arsentate (AsO; ) oxidizes 17 to liberate l, in presence of strong acid. Liberated l, 
combines with |- ion to form 1,7 ion. 


AsO, +29” +217 s AsO} +1, + Н.О. 
ЕК 

This can be achieved by adding сопс.НСІ to the reaction mixture. 

Test for AsO Y 

Place one drop of starch indicator and | drop of L,/KI mixture on a spot plate. A blue 
colouration will be produced. Add | drop of sodium bicarbonate solution and mix with a glass 
rod. The blue colour remains as such, Now add add | drop of the neutral or weakly acidic 
test solution and if necessary 1-2 more drops of the NaHCO, solution. Discharge of the blue 
colour will indicate the presence of arsenite or other reducing agents. Now add 1-2 drops of 
conc.HCl. Reppearence of the blue colour will indicate the presence of reversible 


AsO} / AsO} and 1,/217 systems. 


Test for AsO} г 


Place | drop of the test solution and one drop of KI solution (0.1 Af) and | drop of starch 
indicator on a spot plate or on a drop reaction paper. Add | drop of conc. HCl. Appearance 
of blue colour indicates the presence of arsenate or other oxidizing agents that can oxidize 
I" to L. Now add drops of NaHCO, solution. Discharge of blue colour will indicate the presence 


of reversible redox systems like AsO; /AsO;' and 1,/2Г. 
(2) Magnesia mixture-ammonia solution 


Reagent: Dissolve 10.2g of MgCl,.6H,O and 10.7 g of NH,CI in water and dilute to 50 


mi with water and add 5 m/ of conc.NH.. | 
To | ml of the test solution in a semi-micro test tube, add | m/ of the reagent and a few 


drops of ag-NH, to render the solution ammoniacal. 
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As(III): Arsenite forms no precipitate with magnesia mixture. 
As(V): Arsenate forms white crystalline precipitate of ammonium magnesium arsenate 
hexahydrate, (NH,)MgAsO,.6H,0, soluble in dilute mineral acids. 
АЗОТ + Mg" + NH,' = (NH,)Mg(AsO,)L 


Note: Phosphate gives similar crystalline precipitate, (NH,)MgPO,.6H,O with magnesia 
mixture and therefore interferes. If phosphate is present, the test should be performed with 
magnesia mixture prepared from Mg(NO,),.6H,O, NH,NO, and NH, instead of MgCl, .6H,0, 
NH,CI and NH.. 

(2a) Mg(NO,), - NH,NO, — NH, reagent 

Dissolve ~13g of Mg(NO,),.6H,O and 165 of NH,NO, in water, add 5 inl of conc. NH, 
and dilute to 1000 m? with water. 

Take 1-2 drops of the neutral or weakly acidic test solution in a semi-micro test tube, add 
drops of conc.NH, to render it ammoniacal. Add 1-2 drops of “10-volume” H,O, and warm 
(to oxidize arsenite to arsenate). To the warm solution add 1-2 drops of Mg(NO,), - NH,NO, 


- NH, reagent and shake well. White crystalline precipitate appears if Аѕ0 or PO} or 


both are present, If AsO; ~ is present, it is oxidised to AsO} by the H,O, treatment. Centrifuge 
and reject the centrifugate. Treat the white precipitate with a few drops of dil.acetic acid and 
1-2 drops of silver nitrate solution. 
If AsO? is present: The precipitate is transformed to red silver arsenate, 
(NH,)MgAsO;/s) + ЗАр? > Ag,AsO, + Mg" + NH,* 
If POJ- is present: The precipitate is transformed to yellow silver phosphate. 
(NH,)MgPO,(s) *3Ag' — Ag,PO ДУ + Mg" + МН,” 


(3 Ammonium molybdate test 


Reagent: Dissolve —4.5g of ammonium molybdate (NH,),Mo,0,,.4H,O in a mixture of 
5-6 ml of conc. NH, and 4-5 mí of water. Add 12g of NH,NO, and complete the dissolution. 
Dilute the solution to 100 m/. Allow to stand over night, filter if necessary. Before adding 
this reagent to the test solution, it should be ensured that the test solution has been made 
sufficiently acidic by adding conc.HNO.. 

To 1-2 drops of the test solution in a semi-micro test tube add a 1 m/ of conc. HNO, and 
1 ml of ammonium molybdate reagent and boil. Crystalline yellow precipitate of ammonium 
arsenomolybdate, (NH,);[AsMo,,O,,] appears. 


AsO} + 12MoO1- + 3NH] + 24H* > (NH4J;[AsMoj0,4,] 4 + 12H30 

Arsenite normally does not give any precipitate with ammonium molybdate. But when the 
sample is boiled with conc.HNO, and the reagent, AsO; is oxidized to AsO} by hot 
conc.HNO, and eventually responds to this test. Phosphate gives similar yellow precipitate of 
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ammonium phosphomolybdate in the cold or on gentle warming, whereas, boiling is required 
for precipitation of ammonium arsenomolybdate (difference from phosphate). Precipitates of 
both ammonium asrenomolybdate and phosphomolybdate are insoluble in HNO, but are soluble 
in ammonia and NaOH solution due to dissociation of the heteropoly anions, phosphomolybdate 
and arsenomolybdate, [EMo,,O,, ^, (E = P, As). Ammonium arsenomolybdate passes into 
solution when boiled with tartaric acid (distinction from phosphate). Tartarate forms complex 


with molybdate of such stability that only phosphomolybdate can be formed but not 
arsenomolydate. 


(4) Gutzeit test 


Arsenic compounds on treatment with zinc dust and dil.H4SO, produce arsine (AsH,) gas, 
which reduces silver nitrate to metallic silver and mercuric chloride to/or mercuric bromide 
to metallic mercury. 


AsO; + 3Zn + 9H* — AsH,? + 3Zn?* + 3Н,О 
AsO, + 4Zn + 11Н* — АѕН,? + 4Zn?* + 4H,O 
AsH,T + 6Ag* — As** + ЗН? + 6Agl 

AsH,T + 3Hg?* — As? + ЗН? + 3Hgl 


Take —1 of arsenic free zinc dust in a test tube and add ~5 mil of dilute H,SO,. Loosely 
plug the test tube with a piece of pure cotton wool and then place a picec of Whatman No. 
| filter paper impregnated with a drop of 20% silver nitrate solution on the top of the test 
tube (Fig. 3.27 a). Warm the test tube gently in a FUME CUPBOARD for about ~2 minutes. 
Remove the filter paper and examine the part of the paper that covered the mouth of the test 
tube. A light brown spot may be observed due to tbe presence of traces of arsenic in the reagents. 

Now remove the cotton wool plug and add —1 mi of the sample solution (or, -0.1g of 
the solid sample) to the test tube and replace the cotton wool plug as before. Shift the silver 
nitrate paper on the top of the tube in such a manner that a fresh portion of it is exposed 
to issuing gas. Warm if necessary to ensure that the rate of evolution of gas remains nearly 
the same as before. Remove the filter paper after ~2 minutes and compare the two spots due 
to metallic silver. The second spot will appear black if much arsenic is present. 

Note 

(1) The test may be performed directly on the solid sample, on solutions of the sample 
and more appropriately using the yellow precipitate obtained in the ammonium molybdate test, 
or, the white precipitate obtained in the magnesia mixture test. The corresponding precipitates 
obtained with phosphate do not respond to Gutzeit test. 

(2) H,S, PH, and SbH, also render silver nitrate paper black. These may be rendered 
harmless by using purified cotton wool plug impragnated with 10% cuprous chloride solution. 

Limit of identification: Vy of As 
Limit of dilution: | : $ х 10° 
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(5) Fleitmann's test 


As (III) compounds react with Al or Zn metal in presence of caustic alkali to liberate arsine 
(AsH,) gas. As (V) compounds under this condition, are reduced to Ast 1) compounds, but 
antimony compounds are not affected by this reagent. This test thus offers a means of 
differenciating between arsenic and antimony componds. 


As0; «Zn«20H > AsOT + 70057 + Н,0 
3AsO] + 241+ 20H^ — 3AsO; + 2А105 + 1,0 
AsOT + 37п + ЗОН > AsH, T 3Zn057 

AsO? + 2Al + 2Н,0 — AsH, T + 2А10; + ОН" 


The test may be conducted in the same way as the Gutzeit test described before, except 
Zn or Al and NaOH solution are used in place of Zn and dil.H,SO;. - 

Place | mi of the test solution in a semi-micro test tube, add —1g of Zn(or Al) metal powder 
(free from As) and | mi of 2 M NaOH or KOH solution. Fix a small glass dropper at the 
mouth of the test tube with a rubber cork. (Fig. 3.27b), place a piece of purified cotton wool 
inside the dropper tube. Place a piece of filter paper impregnated with 20% AgNO, solution 
on the top of the dropper tube. Warm the contents of the test tube for ~2-3 minutes and examine 
the filter paper. A vellow to gray stain is produced if As is present. The apparatus as shown 
in the Fig. 3.27b should be used to avoid contact of the AgNO, paper with alkali. 


(6) Bettendroff's test 


Reagent: Saturated SnCl, solution in conc.HCl. 
When warmed with saturated stannous chloride solution in presence of conc. HCl, arsenic 
compounds are reduced to dark brown, finally black elemental arsenic, 


Na,AsO, + 6HCI — AsCl, + 3NaCI + 3H,0 
2AsCl, + 3SnCl, — 2As+ + 3SnCI, 


Only mercury compounds interfere, as these are also reduced to grey to black metallic 
mercury. Interference due to mercury may be eliminated by converting arsenic into arsenate 
and precipitating ammonium-magnesium arsenate, followed by heating to redness. By this 
treatment arsenic is transformed to magnesium pyroarsenate (Mg,As,0,) and mercury salts, 
if any, are volatilized. This is the basis of this delicate test for arsenic. 

Take 1-2 drops of the test solution or a grain («0.1g) of the sample іп a small porcilain 
or silica crucible, add 1-2 drops of conc.NH, and 2 drops of "10-volume" Н,О, to oxidize 
any As(III) to As(V), Add 2 drops of magnesium sulfate solution (~0.5 M). Evaporate the mixture 
slowly by gentle warming to dryness in a FUME CUPBOARD and finally heat strongly until 
fuming ceases. Cool somewhat and add 1-2 drops of a saturated solution of SnCl, in conc.HCI 
and warm gently. A brown to black precipitate or colouration is produced if As is present. 

Limit of identification : |y of As 
Limit of dilution: | : 5 х 104 
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4.9 Reactions of Antimony (Sb!!! SpV) 
Indication 


No characteristic dry test may be recommended for Sb. 


Antimony compounds maybe obtained in solution by extracting the solid samples with 
conc.HCI/NaOH solution/Na,CO, solution. 


(1) Tests with H,S -water 

To 1-2 drops of neutral or weakly acidic test solution add equal volume of H,S - water. 

УЫШ): Orange red precipitate of antimony trisulfide (Sb,S,) appears. ; 

Sb(V): Orange red precipitate of antimony pentasulfide (Sb,S.) appears. 

2Sb^* + 3Н,5 — Sb,S.| + 6H* 
2Sb?*  SH,S — 8,5,1 + 10H" 

Both the precipitated sulfides (Sb,S, and Sb,S,) are soluble in warm concentrated НСІ 
(distinction from arsenic and mercury sulfides), ammonium sulfide, ammonium polysulfide, 
alkali hydroxides forming respectively antimony trichloride, thio-, oxy-, and oxythioantimonates 
(Ш) and antimonates (V). 

Sb,S.(s) + 6HCI — 2Sb?* + 6Cl- + 3H,ST 
Sb.S.(s) + 6НСІ — 2Sb? + 6Cl + 254 + 3H,ST 
Sb,S,(s) + 4527 — 2SbSj + Sj 

Sb.S.(s) + 3557 — 2SbS; 

2Sb,S.(s) + 40H- — SbO, + 3SbS; + 2H,0 
Sb,S.(s) + 6OH- — SbSOj + 56547 + 3H,0 

Solutions of thio- and oxythio-salts of antimony (Ш and V) on acidification with HCI 

initially precipitate Sb,S.. which ultimately decomposes to trisulfide with separation of sulfur. 
?SbS]" + 6H* — $Ь,5; 4 3HS T 
SbSOi + SbS} + 6H* — Sb,S; + + 3H;O 
Sb,S,(s) =» Sb,S,+ + 254 

Antimonite (SbO,') and thioantimonite (SbS,~) mixture on acidification precipitates 
antimony trisulfide, 

SbO,- + 3568,7 + 4H* — 2Sb,S,+ + 2H,O 

Centrifuge the orange-red precipitate obtained on treatment of the test solution with H,S- 
water, reject the centrifugate. Divide the orange-red precipitate into 3 parts and pertorm the 
following tests: 

1(а) Part-1. Take one part of the precipitate in a semi-micro test tube, add a few drops 
of cone.HCl and warm. The precipitate passes into solution with evolution of H,S gas which 

| black, 
turns lead acetate ACH COO) bd Post (black) + 2CH,COOH 

Place the remaining 2 parts of the precipitate into two adjacent cavities of a spot plate 
and treat as follows: 
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l(b) Part-2: Add 1-2 drops of ammonium sulfide to the orange red precipitate. The 
precipitate dissolves, Acidify the mixture by adding drops of dil.HCl solution. The orange- 
red precipitate. reappears. 

l(c) Part-3: Add 1-2 drops of dil. NaOH solution (-2M) to the orange red precipitate. The 
precipitate passes into solution. Acidify the mixture by adding drops of dil.HCl. The orange 
red precipitate reappears. 

If tin is present in Sn(IV) state as SnCI, along with Sb(III) or Sb(V), only antimony sulfides 
may be precipitated by H,S in dil.HCl medium keeping Sn(IV) in solution by adding some 
oxalic acid, (COOH),, which keeps Sn(IV) in solution by forming a complex ion of the type, 
[Sn(C,0,),(H,0)7"]. but does not affect precipitation of antimony sulfides. 

Separation of Sb and Sn 

To 1 ml of the weakly acidic test solution in а semi-micro test tube, add drops of H,S- 
water to precipitate completely antimony and tin sulfides, Centrifuge and discard the 
centrifugate. Warm the orange-yellow precipitate with ~1 m/ of conc. HCl. The precipitate passes 
into solution in which antimony exists as H[Sb!'CI,] and tin as H, [Sn CI, J. Divide the solution 
into two parts and perform the following tests, 

I(d) Part-1: 

Render the solution ammoniacal with (1:1) ag-NH, solution, add a few crystals of oxalic 
acid, heat to boiling and add drops of H,S-water. Orange precipitate of Sb,S, appears. 
Centrifuge and dissolve the precipitate in hot conc. HCl. Oxidixe Sb(III) to Sb(V) by adding 
a few crystals of NaNO, or KNO, and confirm antimony by Rhodamine-B test (p-275). 

I(e) Part-2: 

Neutralize the acidic test solution partly by adding a few grains of Na,CO,, add a few 
pieces of iron nails and warm gently. Iron (Fe) reduces Sb(III) to precipitate elemental Sb on 
the iron nails. Sn (IV) is reduced to Sn(II). Centrifuge and add a few drops of the clear 
centrifugate to | drop of mercuric chloride (НЕСІ,) solution taken on a spot plate, White 
precipitate of Hg,Cl, changing to grey as Hg,Cl,, is further reduced to metallic Hg, indicating 
the presence of Sn(ll). 


(2) Dilution with water 


Pour 1-2 drops of the acidic test solution of antimony salt into a large volume (~25 ml) 
of water contained in a small beaker. White precipitates of basic salts of Sb(III) and oxyacid 
of Sb(V) appear, which on treatment with 1-2 drops of H,S-water, treansform to orange-red 
antimony sulfides. 


SbCl, +H,O = SbOCIL +2H* +2СГ 

SbCl, + 4H,O = H,SbO,+ SH* + SCI 
2SbOCI + 3H,S — Sb,S,+ + 2H,O + 2H* + 2С1- 
2H,SbO, + SH,S — Sb,S;} + 8H,0 
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(3) Reduction to element by metallic Zn, Sn and Fe 

E" values in acid medium of the Sb¥/Sb""!, Sb!"'/sb°, Sn!V/Sp!l. а/л, Fell/Fe9 and Znll/ 
Zn^ couples are given below: 

Couples  SbY/Sb!! — Sb'l/Sb? ^ SplV/Sn! ^ Spll/Sn? ^ Fell/Fe^ 7Zgll/Zg 

E?(volt) *0.64 *0.212 *0.15 -0.136 -0,44 -0.76 


The E° values reveal that (i) Sb may be reduced to Sb!!! by SnCl, solution and 
(ii) Sb" and Sb! are reduced to elemental (Sb?) state by metallic Sn, Fe and Zn. 
2SbCI. + 3Zn — 2Sb*i + 3nCl, 
2SbCl, + 5Zn — 28° + 5ZnCl., 


Trace amount of stibine (SbH.) is also produced when reduced with Zn. It is preferable 
to use metallic tin or metullic iron for reduction of Sb(IIT) and Sb(V) to Sb°, 

Take a drop of the acidic test solution on a platinum foil and place a small clean Zn granule 
on the platinum foil so that the Zn foil is in contact with the test solution. A black stain is 
formed on the platinum foil - if antimony is present. 

Now remove the Zn granule and dissolve the black stain in a small volume of hot dilute 
HNO,. Transfer | drop of this HNO, extract on to a spot plate and add 1 drop of H.S-water. 
Orange red precipitate of antimony sulfide is formed. 


(4) Potassium iodide (0.1 M) solution 
In acid medium Sb" oxidizes I^ to liberate 1,. [E°(SbY/Sb'"!) = +0.64 volt, E°(1,/2I-) = 
+0.53 volt] and itself is reduced to hexaiodoantimonate (111), [SbI?-]. On boiling this solution, 
violet vapor of iodine appears. In presence of excess iodide, |, forms brown triiodide complex. 
|, ion, which masks the yellow colour of the [Sbi] complex ion, 
Sb^* + 2L = Sb + 1, 
Sb** + 6 = [Sbl?-] 
L*behN 


Over all reaction: Sb** + 91- = [Sbl?-] + 1y 


Confirmation 


(1) Rhodamine-B test 

Reagent: 0.01g of rhodamine-B in 100 mi of water. 

Rhodamine B (tetraethylrhodamine) in the form of its chloride salt (1), when reacts with 
pentavalent antimony in strong hydrochloric acid medium, i.e, with H[SbCI,], the red colour 
of the dye stuff changes to violet to blue, and a finely divided precipitate of [Rhodamine- 
B*][SbCI;] complex salt (2), having the same colour separates at once or after standing for 
some time. 





"i El ls 


) CI + H[SbCI,] — [SbCl] + HCI 





(1) (2) 


Antimony should be present in Sb(V) state and an excess of HCI or chloride ion should 
be present to ensure the existence of antimony (V) as the H[SbCI,] complex. If antimony is 
present in trivalent Sb(III) state, as it happens on dissolution of antimony sulfides (56,5, and 
Sb.) in conc. HCl, it should be oxidized to Sb(V) state with sodium or potassium nitrite in 
presence of conc.HCl. 


JSbCl. + 2NaNO, + IIHCI — 3H[SbCI,] + N, + 2NaCl + 4H,0 
Tin, which may be present as SnCl, under this condition, does not interfere. Small amount 
of iron does not interfere. Metals, forming sparingly soluble chlorides, eg., Ag", Hy; , Pb?’ 


etc., basic bismuth choride, molybdates and tungstates ete., which give similar colour reactions 
with rhodamine-B, should be absent. 

Take 1-2 drops of the test solution in a semi-micro test tube, add a few drops of conc. HCI 
and a little solid sodium or potassium nitrite (avoiding large excess) Warm slightly to 
decompose excess nitrite if any. Cool to room temperature. Now place ~1 ml of the reagent 
solution on a spot plate and add a drop of the oxidized test solution. The bright red colour 
of the reagent changes to blue-violet. Run a blank test. 


Limit of identification : 0.5* of Sb in presence of 12,500 times the amount of Sn. 
Limit of dilution ; | : 1 x 10° 


Rhodamine-B test with Sb(III) 


ЫИ) iodide may exist in aqueous solution in the form of the complex acid, H[Sbl,]. 
which is extractable in benzene. The colourless benzene extract, reacts with rhodamine-B 
reagent imparting a red violet colour to the benzene layer. An addition compound of Sbl, and 
rhodamine-B, is believed to be responsible for this colour. 

Nitrites if present, should be decomposed by boiling with urea, prior to performing this 
test, since NO," ion may oxidize Sb(III) to Sb(V) and also iodide to iodine. If any other oxidizing 
agent is present, it should be reduced by adding small grains of sodium sulfite. 
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Take 1-2 drops of the test solution in a semi-micro test tube, add 5 drops of 1:3 sulfuric 
acid and | drop of 10% KI solution. Add 1 ml of benzene and shake. Transfer 1-2 drops of 
the benzene layer to a spot plate with the help of a capillary dropper and add | drop of 0.2% 
rhodamine-B solution. A violet colour of antimony iodide-rhodamine -B complex, diffusing 
into the benzene layer is observed. Run a blank test using 1:3 sulfuric acid only. 

This reaction is specific for the detection of small amount of Sb. 

Limit of identification: 0.24 of Sb 
Limit of dilution: | : 2.5 x 105 

If a freshly prepared benzene solution of the reagent 15 used, it is possible to detect even 
much smaller amount of Sb, however, bismuth, mercury and gold salts and also molybdates, 
tungstates interfere under this condition by imparting red colour to the benzene layer. 

Limit of identification: 0.05 of Sb 
Limit of dilution: | : 1109 


(2) Phosphomolybdic acid (H4[PMo,,O,,]) reagent 

Reagent: Freshly prepared 5% aqueous solution of phosphomolybdic acid. The reagent does 
not keep well in solution. 

Sb(III) and Sn (II) reduce phosphomolybdic acid to molybdenum blue, which is a mixed 
valent molybdenum compound of unknown composition. It is intensely blue coloured due to 
intervalence charge transfer transitions. In this respect, of course, Sb(III) behaves slightly 
different from Sn(II). While Sn(II) reduces both phosphomolybdic acid (H4[PMo,,O,,]) and 
its ammonium salt, ammonium phosphomolybdate, (NH ),|PMo,,O,,]. to molybdenum blue, 
Sb(III) reduces only phosphomolybdic acid to molybdenum blue, it is unreactive to ammonium 
phosphomolybdate: 


Sb (Hb » Molybdenum blue 
H4[PMo, O49] C 
Sn (10) 


Molybdenum blue 


Sb (ll) 4 No reaction 
(NH IPM, 044] < 
Sn (1! 2 Molybdenum blue 


Therefore, by treating the test solution sucessively with phosphomolybdic acid and 
ammonium phosphomolydate it is possible to identify and differentiate Sb(III) and Sn(ll). 
However, the test is specific for antimony, if it is carried out with the solution obtained after 
dissolving the precipitated sulfides in conc.HCl, where antimony exists as SbCl, whereas, tin 
exists as SnCl,, which has no effect on the reagent. 

Place a drop of the phosphomolybdic acid solution on a drop reaction paper and allow 
the paper to dry. Now add a drop of the test solution and hold the paper in steam. A blue 
colouration will appear if Sb(II) or Sn(II) or both are present. 
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If a blue colouration is produced, repeat the test as follow: 

Place a drop of the phosphomolybdic acid solution on a drop reaction paper, and hold the 
same for a short while over a bottle of ammonia. By this operation phosphomolybdic acid 
is transformed to yellow ammonium phosphomolybdate salt: 

H,[PMo;,0,,4] + INH, =» (NH,),[PMo,,0,9) 

Allow the paper to dry and then add a drop of the test solution and observe: 

(1) If no blue colour appears: Sb(III) present and Sn (II) absent. 

(ii) If a blue colour appears: Sn(II) present, but presence or absence of SbiIIT) can not 
be inferred. 

Limit of identification: 0.2y of Sb, 
Limit of dilution : | : 2.5.» T 


4.10. Reactions of Tin (Sn'!, Sn’) 

Indications 

(1) Ignition test 

Mix a small amount (<0.1g) of the solid sample with 4 times its bulk of anhydrous sodium 
carbonate. add a small amount of powdered charcoal, place the mixture in a dry ignition tube 
and heat strongly on the Bunsen flame. Tin compounds, if present, are reduced to metallic 
tin, 

SnO, + 2С > Sn + 2COT 

White malleable globules of tin are formed, which do not mark paper (difference from 

lead). 


(2) Borax bead test 


A borax bead. which has been coloured pale blue by touching with a trace of copper 
compound and then heating on the oxidizing flame, becomes clear ruby-red in the reducing 
flame if it is touched with a minute quantity of tin compound. 

In the reducing flame tin compounds are reduced to metallic tin, which reduces the pale 
blue coloured Culli) - metaborate in the borax bead to metallic copper, which imparts а ruby- 
red colour on the borax bead. 


(3) Test by flame colour 


When hydrogen gas is evolved from the reaction of zinc with hydrochloric acid in presence 
of traces of tin compunds, the gas produces a characteristic blue colour in the non-luminous 
flame of a Bunsen burner. Although the exact cause of this phenomenon is not clearly known, 
it is however, not due to the formation tin hydride, The flame colour is specific for tin and 
even minute quantity of tin can be detected by this test. Large quantity of arsenic interfere. 
ecipitated hydrated metastannic acid, after ignition, decisively responds to this test. 







| ina small beaker (25 m/) take a small amount of the solid sample or ~1 ml of the test 


an, pour considerable amount (-10 тї) of conc. HCI and add a few granules of pure zinc. 
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Stirr the mixture with a semi-micro test tube filled with cold water and hold the portion of 
the test tube dipped into the mixture in the non-luminious flame of a Bunsen burner. A 


characteristic blue flame mantle is formed around the test tube, which indicates the presence 
of very small quanitity of tin. 


(4) H,S-water 


In 0.25-0.3 M hydrochloric acid medium both Sn( Il) and Sn(IV) react with H.S to form 


respectively brown precipitate of Sn(11) sulfide, SnS and yellow precipitate of Sn(IV) sulfide, 
SnS,. | 


Sm* + H,S + $54 + 2H* 
Sn** + 2H,S э SnS,4 + 4H* 
Both the sulfides, SnS and Sn$., are soluble in conc.HCI (distinction from As(IIl) and Hof IT) 
sulfides). Both the precipitates dissolve in yellow ammonium sulfide or ammonium polysulfide 


[(NH,),S,], to form thiostannate (51527) ion: 
SnS(s) + S$ ә 8051 


SnS,(s) +2847 — 5п537 + S3- 

nS, is also soluble in colourless ammonium sulfide, (NH 455. solution in which SnS is 
not soluble : 

SnS.(s) + S^ — SnSi 

On acidification of the thiostannate solution, yellow precipitate of Sn (IV) sulfide, Sn5,, 
appears with liberation of H,S gas: 

$1557 + 2H* — 805,4 + H,ST 

Tin (II) sulfide (SnS) is practically insoluble in caustic alkali, but tin(IV) sulfide (SnS.) 
is soluble in caustic alkali, producing a mixture of stannate and thiostannate. For separation 
of Sn(II) from other metal ions by sulfide precipitation and then dissolution in caustic alkali, 
Sn(II) should be oxidized to Sn(IV) state by H4O,, before precipitating as sulfide. Mixture 
of stannate and thiostannate on acidification, yields yellow precipitate of Sn(IV) sulfide, SnS,, 

3SnS,4 + 6KOH — K,Sn0, + 2K,SnS, + 3H.O 
K,SnO, + 2K,SnS, + 6НСІ — 3SnS,4 + 6KCI + 3H,0. 

Sn (IV) may be masked by complex formation with oxalic acid. If a Sn (IV) solution 
containing oxalic acid is treated with H,S water, SnS, is not precipitated, as Sn(IV) exists 
in the form of a stable oxalatocomplex, [Sn(C,0,),(H,0)7] ion. Taking advantage of this 
phenomenon, Sn(IV) may be separated from arsenic and antimony by precipitation of their 
sulfides in HCl medium. 

(5) NaOH solution (-2M) 

To | drop of the test solution in a semi-micro test tube, add | drop of dilute (2M) NaOH 
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solution. White precipitate of tin (II) and, or tin (IV) hydroxides appear. The precipitates 
dissolve in excess of alkali. forming hydroxo complexes: 

Sn^* + 20H- æ Sn(OH),+ 

Sn^ + 4OH^ = Sn(OH),+ 

Sn(OH),(s) + 20H- = [Sn(OH);] 

Sn(OH),/5) *20H* = [Sn(OH)?"] 


Hydroxides, Sn( OH), and Sn(OH),. are also precipitated by aqg-NH,, but the precipitates 
do not dissolve in excess ammonia. 


(6) Mercuric chloride (HgCl,) solution (0.05M) 
Sn(H): If small amount of Sn(II) is added to a large ammount of НЕСІ, solution, white 
precipitate of Hg,Cl, is formed. 
Sn^* + 2HgCl, > Sn** + Hg,Cl,+ + 2СГ 


On the other hand, if a small amount of HgCl, solution is added to a large amount of 
sample solution containing Sn(It), then HgCl, is first reduced to Hg,Cl, which is then further 
reduced to finely divided black metallic mercury: 


Sn^* + Hg,Cl, — Sn** + 2Hg* + 2C 


Уп(ТУ): Does not react with HgCl,, Take 1-2 drops of test solution in a semi-micro test 
tube, add a few drops of conc. HCl and a few pieces of iron nail and warm slightly. Sn (IV) 
if any, is reduced to Sn(Il) by this operation. 


Sn^* + Fe — Sn + Fe? 


Centrifuge and add one drop of HgCl, solution to ~! m? of the centrifugate. Grey to black 
precipitate appears if Sn?* is present. 

(7) Metallic Zn 

When Sn(II) and Sn (IV) salts are treated with Zn metal, tin metal is separated in a spongy 
form which adheres to the zinc metal. The E° values of the corresponding redox couples are: 


Zn2"/Zn Fe**/Fe Sn**/Sn?* Sn^*/Sn 
E*( volt) -0.76 -0.44 +0.15 -0.136 


The E* values indicate the feasibility this reduction. 

Take à drop of the acidic test solution on a platinum foil and place a small piece of pure 
and clean zinc granule on the platinum foil, so that the zinc metal remains in contact with 
the test solution. After some time, tin is partially deposited in a spongy form upon the zinc 
metal, but no stain is formed on the platinum foil (distinction from antimony), Collect the 
precipitated spongy tin metal in a semi-micro test tube, dissolve in conc, HCI and add one drop 
of this solution to 1 m/ of НЕСІ, solution. Grey to black precipitate of Hg,Cl,/Hg, will be 
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(8) Lead nitrate-Bismuth nitrate-Sodium hydroxide test 
Reagent: 


(i) Bismuth nitrate (0.2 M): To 50 ml water add 5 mi of conc.HNO.. Dissolve 9.7 g of 
н bismuth nitrate pentahydrate [Bi(NO.),.5H,O] in this mixture and dilute to 100 ml. 
(п) Lead nitrate (0.25 M) : Dissolve 8.3 g of lead nitrate [Pb(NO. ).] in water and dilute 
to 100 ml. l 

(ii) NaOH solution (2 M): Dissolve 8 g of NaOH in water and dilute to 100 ml. 

Alkaline solution of sodium stannite (Na,SnO,) reduces Bi** and Pb?* to finely divided 
black metallic states, Ві? and Pb? respectively. Reduction of Pb?* is slow, but it is accelerated 
tremendously when small amount of Bi^* is also simultaneously reduced. Bismuth (Ш) induces 
the reduction of Pb?* by sodium stannite. 

Place | drop of lead nitrate solution and then | drop of bismuth nitrate solution on a spot 
plate, Add 1-2 drops of NaOH solution (—-2M). 

Take 1-2 drops of the test solution in a centrifuge tube, add a few drops of conc. HCl and 
a few pieces of clean iron nail. Warm and centrifuge. To the centrifugate add drops of NaOH 
solution (~2M) until the white precipitate (due to Sn(OH),) which is initially formed, just 
dissolves, producing a solution of sodium stannite, Centrifuge and add | drop of the centrifugate 
to the reagent mixture [Pb(NO. ),, ВІСМО, ), and NaOH] on the spot plate. Immediate blackening 
is observed if tin is present. 

N.B: The chemical reactions have already been discussed under bismuth (cf p-252). 


Confirmation 
(1) Dimethylglyoxime-Ferric chloride test 
Reagent: (i) 0.1 M Ferric chloride solution in |Af HCI. 
(п) 1% solution of dimethylglyoxime in 95% ethanol. 
Fe(III) salts do not give any colouration when treated with dimehylglyoxime (DMGH., 1) 
in ammoniacal medium, but Fe(II) salts produce a deep red colouration due to the formation 
iris-dimethylglyoximatoiron(Il) complex (2) under this condition. 
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If Sn(H) salts are present, Fe(II!) is reduced to Fe(Il) and a red colouration is produced 
with DMGH, - reagent in ammoniacal medium. If tin is present in Sn(IV) state it has to be 
reduced to Ѕп(11) state by the action of Al or Mg metal in presence of HCI. 

Chromium, manganese, cobalt, nickel, copper, [titanium, vanandium, uranium, molybdate, 
lungstate]* interfere. Reducing agents which can reduce Ее(Ш) to Fe (11) must be absent. The 
test сап be made specific for tin if it is performed with the conc. HCI extract of the sulfide 
precipitates obtained on treatment of the test solution with H,S-water. The following procedure 
maybe followed to eliminate interferences by the other ions. 

To | ml of the weakly acidic («0.2 - 0.54) test solution in a test tube add drops of H,S- 
water to precipitate the sulfides completely. Centrifuge and discard the centrifugate. Treat the 
coloured precipitate of the sulfides with drops of vellow ammonium sulfide [ОМН, 0,5, ]. If a 
residue 15 left, centrifuge, discard the residue (which may be sulfides of copper group metals) 
and proceed with the centrifugate (which may contanin the thiosalts of arsenic group metals). 
If no residue is left on treatment with [(NH,),S,] reagent, proceed with the whole solution. 
Acidify the solution with conc.HCl (test with blue litmus paper). Add a few more drops of 
H.S-water to ensure complete precipitation of the sulfides. Centrifuge and discard the 
centrifugate. Wash the residue with water, centrifuge and completely discard the washings. Add 
0.5 ~I mf of conc.HCl to the residue, place the mixture on a hot water bath for 2-3 minutes 
and stirr with a glass rod. Centrifuge and discard residue if any (which may be arsenic sulfide, 
As,S. and Аѕ,5,). The centrifugate may contain tin as SnC |, (or H,[SnCl,]) and antimony 
as SbC |. (or HISbC 1.1). Add a few pieces of pure Al or Mg natal to the centrifugate and warm 
on a hot water both. By this operation SnCl, is reduced to SnCl,, but SbCl, is reduced to 
elemental antimony, which precipitates, Cool the mixture and centrifuge. The centrifugate 
contains Snill) chloride. Call this as the prepared solution of Sn(ll). 

Place 3-4 drops of the prepared acidic (НСІ) solution of Sn(Il) in a semi-micro test tube, 
add 2-4 drops of 0.1 M ferric chloride solution and a few crystals of tartaric acid (to keep 
Ее?" in solution, by preventing the precipitation of ferric hydroxide Fe(OH), on addition of 
NH;). Mix well and add 3 drops of ОМОН, reagent and drops of (1 : 1) ag-NH, to render 
the solution just ammoniacal. Place the test tube on a hot water bath if necessary. A red 
colouration is produced if Sn(II) is present in the test solution. 

Limit of identification: 0.04y of Sn. 
Limit of dilution: | : 1.25 x 10° 


(2) Cacotheline reagent 


Reagent; 0.25% aqueous solution of cacotheline. 

Caution: Cacotheline is a toxic chemical. 

Cacotheline, which is а  nitroderivative of  brucine, [emperical formula : 
C44 H5 (OH); NO,.N.O;.HNO,) is a yellow coloured dye in acid medium. $п(1) salts in acid 
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medium reduce cacotheline into a violet coloured reduction product. Other reducing agents, 
viz., H-S, thiosulfate, sulfite, dithionite, У) also react with cacotheline. Coloured metallic 
salts, Co, Ni, Hg, Bi, As, [also Ti, У, Mo, W, U]* interfere. Although the reaction is selective 
for tin, but it is highly sensitive. Рес) salts (in the absence of fluorides and phosphate) do 
not react with the reagent, Therefore, a tin solution, reduced to Sn(Il) with metallic iron may 
be used for the test. It is best to use the prepared solution of Sn(II) as described under the 
FeCl.-dimethylglyoxime test. 

Place a drop of the reagent on a drop-reaction paper and add a drop of the test solution 
(i.e. prepared solution of Sn (II)] before the paper has dried. A violet spot surrounded by a 
less coloured zone appears on the yellow back ground of the reagent. 

Alternatively, take 1-2 drops of the test solution [i.e. prepared solution Sn(Il)] in a semi 
micro test tube or on a spot plate and add 1-2 drops of the reagent. A violet (purple) colouration 
is produced. 

Note: The test is much more sensitive on a drop-reaction paper than in a test tube or spot 
plate. 

Limit of identification: 0,2 of Sn. 
Limit of dilution: | : 2.5 х 10° 


(3) Test with dithiol reagent 


Reagent: 0.2 g of dithiol dissolved in 100 m/ of 1% NaOH solution. 

Alcoholic or alkaline solution of 4-methyl-1, 2-dimercaptobenzene (1), trivial name, dithiol, 
reacts with weakly acidic solutions of sulfide forming metal ions to form coloured precipitates. 
Silver, lead, mercury, cadmium, arsenic and antimony give yellow precipitates with the reagent 
Copper, nickel, and cobalt form black precipitates and bismuth forms red precipitate. The reagent 
reacts with Sn(II) and Sn(IV) salts in strong НСІ medium to give magenta coloured ХПП) 
complex (2 or 3). 


УР 5 
© & kc 

H,C SH H,C s HC os CH, 
(1) (2) (3) 


Sn(IV) salts. if present, are first reduced to Sn(ll) state by the thiol (-SH) groups of the 
dimercaptan reagent (1) which is oxidized to the corresponding aromatic disulfide (-5—5-) 
derivative. The disulfide is not soluble in water and interferes with the test. However, the 
problem may be overcome by adding thioglycolic acid (4) to the test solution prior to addition 
of the reagent. Thioglycolic acid reduces Sn(IV) to Sn(Il) or other oxidizing agents, 
which can oxidize the reagent (1), and (4) itself is oxidized to water soluble dithioglycolic 


acid (5). 
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СН, - SH CH,-S-S-CH, 
2 — | K2H" + 2e 
CH,COOH COOH СООН 
(4) (5) 


Take 1-2 drops of the strong hydrochloric acid test solution in a semi-micro test tube, add 
|-2 drops of the dithiol reagent and place the test tube on a hot water bath. Depending upon 
the quantity of tin present, a red precipitate or a colouration will be produced. 

If Sn (IV) is suspected, add a few drops of thioglycolic acid to the test solution prior to 
addition of the reagent solution. 

For eliminating the interference due to the other metal ions, the test may be performed 
with the prepared solution of Sn(Il) as described under FeC |,— dimethylglyoxime test. 

Alternatively, after dissolving the sulfide precipitates in yellow ammonium sulfide, discard 
the residue (Cu-group metal sulfides) and warm the centrifugate (arsenic group metal thio- 
salts) with an excess of 10-volume H,O,. This treatment ensures the formation of ammonium 
salts of the respective metalloacids (of As, Mo*, V*, W*) and precipitation of Sn(OH), and 
Sb(OH),. Centrifuge, and discard the centrifugate. Dissolve the residue in dil. HCl and perform 
test with dithiol adding a few drops of thioglycolic acid before adding the reagent, If As, V*, 
Mo*, W* are absent, the precipitate obtained after acidification of yellow ammonium sulfide 
extract may be dissolved in сопс.НСІ and the dithiol test may be performed after adding 
thioglycolytic acid. 

Limit of identification: 0.05y of Sn 
Limit of dilution: | ; | * 10° 


4.11 Reactions of Iron (Fe!!, Ее!!!) 
Indicaiton 
l. Ignition test 


Mix а small amount (-0.1 g) of the solid sample with 4 times its bulk of anlydrous Na,CO, 
and some charcoal powder, Transfer the mixture into a dry ignition tube and heat strongly. 
Grey metallic particles of iron are produced, which can be separated from cahrcoal by means 
of a magnet, 


Fe,O, + 3C + 2Fe + 3007 

FeSO, + Na,CO, — FeCO, + Na,SO, 

FeCO, + FeO + CO, 

FeO + C — Fe + COT 

The grey metallic iron particles may be mechanically separated from the magnet and 

dissolved in dil. HCl. The HCI solution containing Fe(II) maybe subjected to other chemical 
tests. 
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CENTRA Y 


2. Borax bead test 


When a minute quantity of an iron compound is subjected to borax bead test, the bead 
turns yellow-brown when hot and yellow when cold in the oxidizing flame. With large quantities 
of iron the colour of the borax bead in the oxidizing flame is redish brown. If the bead is 
placed in the reducing flame, its colour changes to bottle green. 

3. H,S - water 


To 1-2 drops of weakly acidic test solution add I-drop of H,S water. 
Fe(II) : No precipitation, as the solubility product of FeS is not exceded in acid medium. 
Fe(III): In acidic solution Fe** (yellow colour) is reduced by Н, to Fe** (bottle green 
colour) and H,S is oxidized with separation milky white colloidal sulfur. In neutral solution, 
however, initially a blueish colouration appears due to extremely small particles of colloidal 
sulfur, this is followed by precipitation of sulfur: 
2Fe?* + HS — 2Fe?* + 2H* + S4 


(4) Ammonia solution and NH,-NH,CI buffer solution 
Aqueous ammonia solution is basic, 
NH, + HO = МН,” + OH .....(1) 


In presence of NH,Cl, which is a completely ionized salt, [NH,CI — NH,” + СГ], 
concentration of NH," ion is high. Due to common ion effect of NH,” ion, the equibrium 
(1) remains shifted to the left. As a result, the concentration of OH" ion, required for 
precipitation of metal hydroxides is less. [PK y ‚ Fe(OH),, 17; Fe(OH), = 37.5 at 25°C]. 

Fe(II): (i) Precipitation of Fe(OH), occurs on addition of ag-NH, solution. 

Fe?* + 2NH, + 2H,O — Fe(OH),+ + 2NH,* 

(ii) No precipitation occurs with NH,-NH,CI buffer. Due to common ion effect of 
NH,* ion, concentration of ОН” ion remains insufficient to exceed the solubility product of 
Fe(OH),. 

Fe(III): Quantitative precipitation of brown coloured Fe(OH), occurs with both the 
reagents, i.e ag-NH, and NH;,-NH,CI solution. 

Fe* + 3NH, + 3H,0 — Fe(OH),+ + 3NH,*. 

As the solubility product of Fe(OH), is much less than that of Fe(OH),, concentration of 
ОН” ion even in presence of NH,CI is sufficient to exceed the solubility product of Fe(OH),. 
The precipitate dissolves on boiling with mineral acids. 

(5) NaOH solution (-2M) 

To 1-2 drops of the weakly acidic test solution add drops of NaOH solution (~2 M) until 
alkaline. 

Fe(II): Greenish white precipitate of ferrous hydroxide, Fe(OH), appears in absence of 
air. The precipitate is insoluble in excess alkali but soluble in acids. 





^ 


Fe** + 20H- 2 Fe(OH),+ 
Fe(OH), + 2H* — Fe?* + 2H,0 
On exposure to air, the precipitate of Fe(OH ) gradually turns redish brown due to oxidation 


to ferric hydroxide. Fe(OH),. This transformation becomes rapid if an oxidizing agent, such 
as, HO, is added. 

4Fe(OH), (s) + 29,0 + O, > 4Fe(OH),4 

2Fe(OH), (s) + H,0, > 2Fe(OH),+ 

Fe(III): Redish brown precipitate of ferric hydroxide appears. The precipitatie is insoluble 

in excess alkali (distinction from aluminium hydroxide), but soluble on boiling with mineral 
acid: 

Fe?* + ЗОН” — Fe(OH),4 

Fe(OH), (s) + 3H* — Fet + 3H,0. 


(6) Ammonium sulfide solution 


To 1-2 drops of weakly acidic test solution on a spot plate, add 1-2 drops of ammonium 
sulfide solution. 

Fe(II): Black precipitate of ferrous sulfide ( FeS) appears. The precipitate is soluble in acids 
with evolution of Н,5 


Fe^* + S?- -» Fes} 
FeS(s) + 2H* — Fe^ + H,ST 
Fe(III): Black precipitate consisting of ferrous sulfide and sulfur is produced in weakly 


acidic solution. Бебі) is reduced to Fe(II) in situ by sulfide (S^) ion, which is oxidized to 
form colloidal milky sulfur. 


2Fe** + S?--» 2Fe?* + S1 
Fe-* + S% —, Fes} 
In alkaline solution, black precipitate of ferric sulfide (Fe,S,) is formed, which readily 
dissolves in HCI forming ferrous chloride, sulfur and H,S: 
2Fe** + 3S% -› Fe.S,1 
Fe,S,(s) + 4H* 2 2Ее2* + 2H,ST + S} 
Moist ferrous sulfide on exposure to air is slowly oxidized to basic ferric sulfate and brown 
ferric hydroxide with separation of sulfur: 
2FeS(s) + 90, — 2Fe,0(SO,),4 
4FeS/s) + 6H,0 + 30, — 4Fe(OH),+ + 454 
CAUTION: This last reaction is highly exothermic. It may produce so much heat that if 
the precipitate is filtered and the filter paper with finely divided sulfur on it is allowed to 
dry in air, it may catch fire. Therefore, sulfide precipitates should never be throuwn into the 
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waste bin, but rather these should be washed away under running water. Only the clean filter 
paper should be thrown to the waste bin. 


(7) Potassium ferrocyanide K,|Fe(CN),| solution (0.025 M) 

To | drop of weakly acidic test solution (or, a pinch of the solid sample) on a spot plate, 
add | drop of dil.HCl and 1 drop of K,Fe(CN), solution and stirr with a glass rod. 

Fe(II): White precipitate of potassium iron (Il) ferrocyanide, K;Fe[Fe(CN),] is formed in 
complete absence of air. Under ordinary condition, however, a pale-blue precipitate is formed, 
due to aerial oxidation of some Fe(II) to Fe(III), which reacts with the reagent to give Prussian 
blue precipitate. Г 

Fe?* + 2K* + [Ре(С№)] E K ,Fe[Fe(CN),]+ (white) 
4Fe** + О, + 4H* — 4FeP + 2H,0 
4Fe** + З[Ре(СМ) =] — Fe,{Fe(CN),],4 (Prussian blue) 
Fe (III: Intense blue precipitate of iron (III) ferrocyanide (Prussian blue) is formed. 
AFe)* + 3Fe(CN),]* — Fe,[Fe(CN),];* (Prussian blue) 

The Prussian blue precipitate is insoluble in dilute acids, but it decomposes by concentrated 
acids and alkali. On boiling with sodium hydroxide (~2M) solution, the blue precipitate is 
transformed to red-brown ferric hydroxide and ferrocyanide ion is set free: 

Fe,[Fe(CN),].(s) + 120H* — 4Fe(OH),+ + 3[Fe(CN)] 

If FeCl, solution is added to a large excess of K,[Fe(CN),] solution, a colloidal compound 
of composition KFe[Fe(CN),], (called soluble Prusiam blue) is formed, which can not be filtered 

Prussian blue dissolves in oxalic acid producing an intense blue solution, which may be 
used as an ingradient for the production of writing ink. 

Limit of identification: 0.\y of Fe(on paper), 0.05y of Fe (on spot plate) 
Limit of dilution: | : 5х10° (on paper), | : 1*10° (on spot plate). 


8. Potassium ferricyanide K,[Fe(CN),] solution (0.033M) 


To 1-2 drops of the weakly acidic test solution (or, a small amount of solid sample) on 
a spot plate, add 1 drop of dil.HCl, 1 drop of potassium ferricyanide solution and stirr with 
a glass rod. 

Fe(II); A dark blue precipitate is formed if Fe?* is present. [Fe(CN)7"] ion in strong acid 
medium oxidizes Fe?* to Ее?” and itself is reduced to [Fe(CN)7 ]. which subsequently reacts 
with Ее?” ion to produce the dark blue precipitate of Turnbulls blue, which is identical in 


composition as Prussian blue, Fel [Ее (CN), ];. 
Fe?* + [Fe(CN)}"] > Fe* + [Fe(CN] 
AFe3* + 3[Fe(CN)-] — Fel [Ее (CN),]; + 
The precipitate decomposes on treatment with caustic alkali, producing red-brown 
precipitate of Fe(OH), and [Fe(CN)7"] ion is set free (cf. test 7). 
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Ке(Ш): Brown colouration due to the formation of an undissociated complex, 
Fel [Fel'ltCN),]. 
Ее?” + Fe(CN); -» Fell[Fel' (CN), ]. 
If 1-2 drops of SnCl, solution or 10-volume Н,О, is added, the ferricyanide part of the 
complex is reduced to ferrocyanide and a Prussian blue precipitate is formed. 
Ае! (Fel (CN),] + 28n?* — Fel" Fe (CN),], 4 + [Fel (CN)E-] + 2Sn** 


AFe"[Fel'(CN),] + 29,0, + Fel'tFe" (CN),], 4 + [Ее (СМ) 7] + 20, + 4H* 


(9) Disodiumhydrogenphosphate Na,HPO,.12H,O (0.033M) 

Ке(ЇП): Place 1 drop of the weakly acidic test solution on a spot plate and add a few 
drops of disodiumhydrogenphosphate solution. A yellowish white precipitate of ferric phosphate 
is formed if Реб) is present. The precipitate is soluble in mineral acids: 


Fe" + HPO] = FePO, | +H” 


10. Sodium acetate solution Na(OOCCH,).3H,0 (saturated) 

Fe(III): To 1 drop of the weakly acidic test solution on a spot plate add a few drops of 
saturated sodium acetate solution. 

A redish brown colouration appears due to the formation of the complex ion 
[Fe,(OH),(CH,COO);). On dilution and boiling the solution, a redish brown precipitate of basic 
ferric acetate is formed. 

3Fe** + 6CH.COO" + 2H,0 = [Fe.(OH),(CH;COO)7] + 2н" 
(Ре (ОН) (CH.COO)7] + 4H,0 — 3Fe(OH),(CH,COO)]) + 3CH,COOH + H* 

The reaction proceeds to completion in presence of excess of acetate ion, which acts as 
a buffer. 


Confirmation 


(1) Ammonium or potassium thiocyanate solution (0.1M) 
Place one drop of the weakly acidic test solution on a spot plate and add | drop of the 
thiocyanate solution. 


Fe(II): No colouration. 
Ее(Ш): A blood red colouration is produced due to the formation of Fe(III) - thiocyanato 
complexes: 
Fe?* + SCN- = [Fe(SCN)**] 
[Fe(SCN}**] + SCN- = [Fe(SCN);] 
[Fe(SCN);] + SCN- = [Fe(SCN),} 
(Та) Place 1-2 drops of this blood red solution in a semi-micro test tube and add Iml of 
0.1 M HCI and 1-2 drops of isoamyl alcohol. Shake well. The amyl alcohol layer becomes 
red, as the neutral complex [Fe(SCN),] is extracted into the organic layer. 





(Ib) Place | drop of the blood red solution on a cavity of the spot plate and add a small 
crystal of ammonium or potanium hydrogen fluoride (NH,HF, or KHF,). The blood red colour 
is discharged due to the formation of the colourless hexafluoroferrate (111) complex ion, 
[FeF?] of higher stability: 

[Fe(SCN).] + 3HF," — [ЕеЕ2-] + 3SCN- + 3H* 

Being a hard Lewis acid, Fe** forms stronger complex with hard Lewis base, the F- ion, 
than that with the soft SCN- ion. 

(Те) Place another drop of the blood red solution on an anather cavity of the spot plate 
and add | drop of mercuric nitrate or mercuric sulfate solution (0.01 M). The blood red colour 
Is discharged, as the soft Lewis acid, Hg?* ion, snatches the soft Lewis base SCN- ion, from 
its complex with hard Fe?* ion, 

2[Fe(SCN),] + 3Hg** — 3Hg(SCN), + 2Fe?* 

Note 

|. Coloured ions eg, Cu**, Сг?*, Co**, Ni?* lower the sensitivity of the test. 

2. Hg?*, Ар? ions which form soluble or insoluble salts with SCN- ion may interfere if 
present in large quantities. 

3. Nitrite ion (NO,~) forms red coloured nitrosyl thiocyanate, (NOSCN), and intereferes 
in this test, however, this red colour disappears on heating. 

4. Molybdate* forms yellow solution with СМ ion. On treatment with SnCl,, molybdate 
is reduced to Mo(III), which forms a red coloured complex with SCN-. But SnCl, reduces 
Fe!!! to Ее! which does not form red colouration with SCN- ion. 

Limit of identification: 0.25y of Fe 
Limit of dilution: | : 2 x 10° 


2. Sulfosalicylic acid 

Reagent: 0.05 M solution in water. 

Place | drop of the weakly acidic test solution on a spot plate and add | drop of the 
sulfosalicylic acid (H,SSA) reagent. 

Fe(II): No colouration. 

Fe(III): Violet colouration is produced due the formation of Fe(III)-sulfosalicylate complex, 


[Fe(SSA)]. ^ 
HOS COOH 0,5 ^y 
ДЫ. а © P a «d 
OH О 
(H,SSA) Fe(SSA) 
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(2a) Add a few crystals of ammonium or potassium hydrogen fluoride to the violet solution 
and stirr with a glass rod. The violet colour is discharged, due to the formation of more stable 
and colourless [FeF?-] complex. 


[Fe(SSA)] + 3HF," = [FeF2-] + H,SSA 

Limit of identification: 0.5 of Fe. 

Limit of dulution: 1: | x 10 
3. Test with ferron (8-hydroxy -7-iodoquinoline-5-sulfonic acid) 
Reagent: (0.1% solution in water). 
Fe(Il): No colour reaction. 


Ке(Ш):; Reacts with aqueous solution of ferron reagent (1) to produce a green colouration 
due to formation of the inner complex (2); 


SO, H? 507, 
(а) + lp > О) C) + 2H* 
| М | \ 
OH 0 —— Fe/3 
(1) (2) 


The reaction, as it appears, is pH sensitive. Optimum pH for this colour reaction is pH 
2-3.5, If the test solution is strongly or less acidic, it should be neutralized or acidified as 
required and buffered until it shows a distinct acid reaction toward mettyl orange paper 
(pH=3.5), 

Place | drop of the test solution, adjusted to pH = 3.5 (using a methyl orange paper or 
а pH paper) in a spot plate, add | drop of ferron reagent. A green colour is produced if Fe(III) 
iS present. 

Although the colour reaction is specific for Fe(Ill), but considerable quantities of other 
coloured ions interfere. Strong oxidizing agents destroy the reagent, 

(3a) To the green coloured solution obtained after treating the test solution with ferron 
reagent, add a few crystals of NH,HF, or KHF,. The green colour disappears due to the 
formation of complex [FeF;-] ion. 

Limit of identification: 0.5y of Fe 
Limit of dilution: 1 : | * 10° 


4. Test with thioglycolic acid 
Reagent: 1% aqueous solution. | 
Both Fe" and Fe! react with thioglycolic acid (1) in 6M ammoniacal solution to produce 
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purple (red-violet) coloured Fe(II) - thioglycolate complex (2). Fe(Ill), if present, is reduced 
to Fe(II) by thioglycolic acid, which is oxidized to its disulfide, dithioglycolic acid (3). 


CH,SH CH, -— S — S — CH, 
Fe" +2 | — | + 2H* + 2Fe* 

CH,COOH CH,COOH CH,COOH 

(1) (3) 

CH,SH ы 
2+ oe > 
кР — > [HC Fef +2H 
of 

(1) (2) 


Limit of identification: 0.013 of Fe. 


5. Test with 2, 2'-bipyridine 

Reagent: 2% solution of 2, 2'-bipyridine in ethanol. 

In weakly acidic solution 2, 2'-bipyridine (bipy, 1) reacts with Fe(II) to form soluble and 
very stable deep red complex (2). 


О] О] 2+ 
Ol Ol 
] 


(bipy) [Fe(bipy)5* 
(1) (2) 

Fe(II!) does not give colour reaction under this condition. 

Large amount of Fe(III) imparts a yellow colour to the test solution and may mask the 
light red colour produced by very small amount of Fe(II) with the reagent. This problem may 
be over come by performing the test in presence of NH,HF, or, KHF,, which masks Fe(III) 
by transforming it into [FeF?7] complex. 

Place | drop of the weakly acidic test solution on a spot plate and add | drop by the Ыру 
reagent. A red colouration is produced if Fe(II) is present. 





(5а) If no red colouration appears, but the test solution is pale yellow in colour, or, if 
Fe(II) is suspected from other tests, add 1-2 drops of thioglycolic acid before addition of the 
bipy reagent. Thioglycolic acid reduces Ее!!! to Fe", which produces the red colouration. 

Limit of identification: 0.03y of Fe. 
Limit of dilution: | : 1.66 х 10° 


6. Test with 1,10-phenanthroline reagent 

Reagent: 0.1% solution in water. 

No colouration is produced with Fe(III). Ре) produces a deep red colouration with 
1. 10-phenanthroline (phen, 1) due to the formation of [Fe(phen)?*] complex (2). 


2+ 


E + F” — Fe 
N N 
O Oy hei 
phen [Fe(phen)?"] 
(1) (2) 


If Fe(II) is suspected from other tests, it should be reduced to Fe(II) by thioglycolic acid, 
or, hydroxylamine hydrochloride or hydrazine sulfate or, hydroquinone. 

Place | drop of the weakly acidic (pH =2) test solution on a spot plate and add | drop 
of phen reagent. A red colouration is produced if Fe(II) is present. 

(6a) If no coloration is produced, add a 1-2 drops of thioglycolic acid or hydroxylamine 
hydrochloride, or hydrazine sulfate, or, hydroquinone solution and a few drops sodium acetate 
solution. Appearance of red colouration at this stage indicates Fe(III). 


Limit of identification: 0.034 of Fe 
Limit of dilution: | : 1.66 х 10° 


7. Dimethylglyoxime (DMGH,) reagent 

Reagent: | % solution of ОМОН, in ethanol. 

Dimethylglyoxime (DMGH,, 1) reacts with Fe(II) to in ammoniacal medium to produce 
red colouration due to the formation of probably tris-dimethylglyoximatoiron(1l) (cf. p. 281) 
[Fe(DMGH);] ion. 





H,C = ж N 
H,C -( " 
OH 
DMGH, 
(1) 


Fe** + 3DMGH, + 3NH, — [Fe(DMGH);] + змн; 


Fe(IIT) salts do not give such colour reaction with DMGH.,, but interfere, due to precipitation 
of Fe(OH), in the ammoniacal medium required for the test. Interference due to Fe(III) maybe 
eliminated by complexing it with citric acid, or tartaric acid or ammonium or potassium 
bifluoride, Cobalt, nickel and large quantities of copper salts interfere, and must be absent 

Place | drop of the weakly acidic test solution on a spot plate, add | drop of DMGH, 
reagent, and a few crystals of tartaric acid, or, citric acid and then add drops of 1:1 ag-NH, 
until ammoniacal, A red colouration is produced if Fe(II) is present. А red crystalline precipitate 
is formed (МИП) is present. 


7(a) DMGH, test for Fe in presence of Co, Ni and Cu 


Take | mi of the test solution in a semi-micro test tube, add a few drops of 10-volume 
Н,О, to oxidize Fe(II) if апу to Fe(III). Neutratize with (1:1) ag-NH, until a faint permanent 
turbidity appears. Just dissolve the turbidity in drops of dil.acetic acid and add an equal volume 
of sodium acetate-acetic acid buffer solution (pH ~ 4.75). Heat the mixture to boiling. Under 
this condition only a red brown precipitate of basic ferric acetate will appear if iron ts present 
Cu(Il), Соби), МИП) will remain in solution. If phosphate is present, only iron (III) and 
copper(Il) will be precipitated as their phosphates, Co(II) and МИП) will remain in solution. 
Centrifuge and discard the centrifugate. Wash the residue with water by centrifugation. Dissolve 
the residue in hot dil.HCl and add a few pieces of pure Al foil or a pinch of pure Zn dust. 
If copper(II) is present, it will be reduced and precipitated as metallic copper. If iron is present 
as Fe (III) it will be reduced to Fe(II). Centrifuge and use the centrifugate for ОМОН, test 
of iron (II) as described before. 

Limit of identification: 0.04 of Fe?* 
Limit of dilution: | : 1.25 х 10° 


Oxidation of Fe(II) to Fe(III) and Reduction of Fe(HI) to Ее(П) by common oxidants 
and reductants in acid medium. ' 

For performing qualitative indentification tests, it is often nessary to reduce Fe** to Fe? 
and to oxidize Fe?* to Рез", E? value of Fe?'/Fe?* couple (+0.77 volt in 1 M acid medium) 
falls almost at the middle of the stability field of water (cf. Sect 2.4), consequently Fe?* may 


[ | 





be oxidized to Fe?* and Ее?” may be reduced to Ее?* in acid medium by quite a good number 
of oxidants and reductants as summerised in Table 4.1. 


Table 4.1 : Oxidation and reduction of Ее!!! / Fe" couple. 


Oxidant couples 
Ce" /Ce?* 

O,, H°/H,0 
KMnO,, H*/Mn^ 
K,Cr,0,, Н'/Сг” 
НМО,, HCI/NOCI, 
NaClO,, НСІ” 
H,0,, H'/H,0 
HNO./NO 


Reductant couples 
AF*/AI 

Zn^ /Zn 

Cd^*/Cd 
Sn^*/Sn** 

TUAN 
NH,OH/N,O 
Мун, 
C,H,0,/C.H,O,* 
SO,, H,O/SOT 
H,S/S+ 


E?(valt) 
1.45 
0.815 
1.51 
1.33 
0.94 
1.45 
0.682 
0.96 


E? (volti 
- 1.67 
~ 0.76 
– 0.41 


0.15 
0.53 


0.20 
0.14 


Oxidation reactions. 

Fe?* + Сеї — Fe* + Ce? 

4Ее2* + О, + 4H* + 4Fe** + 2H,0 

SFe2* + MnO, + 8H* > SFe?* + Mn** + 4H,0 
бЕе2* + Cn Ol + 14Н* > бЕе?* + 2CP* + 7Н,0 
1Fe? + HNO, + ЗНСІ > 2Fe?* + NOCIT + 2C1- + 2H,0 
6Fe** + CIO, + 6H* > 6Fe* + СГ + 3H,0 

2Fe** + HO, + 2H" > 2Fe** + 2H,0 

3Fe?* + HNO, + ЗН“ 2 3Fe* + NOT + 2H)0 


Reduction reactions 

3Fe* + Al 2 3Fe?* + АР“ 

2Fe* + Zn 2 2Fe** + Zn 

Fet + Cd ә 2Fe** + Cd** 

2Fe3* + Sn?* 2 2Fe?* + Sn* 

Fe* + 17 Fe + “I, 

AFe)* + 2NH,OH — 4Fe?* + NO + H,O + 4H" 
4Fe)* + N.H, > 4Fe?* + N, + 4H” 

2Fe** + C,H,0, — 2Fe** + СНО, + 2H" 
2Fe* + SO, + 2Н,0 — 2Fe** + 504 + 4H” 
2Fe* + H,S —> 2Fe?* + 54 + 2Н! 


*C,H,O, -Ascorbic acid, C,H,O, - Dehydroascorbic acid: C,H,O, — C,H,O, + 2H* + 2e 


Oxidants and reductants are to be so chosen that the corresponding conjugated components 
do not interfere in the subsequent identifying tests by forming a coloured solution, or by reacting 
with the reagent. Excess oxidant or reductant should be easily removable form the test solution 
by filtration, centrifugation or boiling. Some distingushing tests of Fe" and Ее!!! are summerised 


in Table 4.2. 
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Table 4.2 Distintive tests of Ее! and Ее!!! ions 


Reagents Fe! Felll 
I. K,[Fe(CN),] Deep blue precipitate No precipitate 
Brown colouration 
2. 2, 2-Bipyridine Red colouration No reaction 
3. 1,10-Phenanthroline Red colouration No reaction 
4. Dimethylglyoxime, NH, Red colouration No reaction 
5. K,[Fe(CN), ] White or pale blue Deep blue precipitate 
precipitate (Prussian blue) 
6. NH,SCN/KSCN No reaction Blood red colouration 
7. Aq-NH, White to greenish Redish-brown precipitate 


precipitate 


No charactenstic Violet colouration 


colouration 


8. 5-Sulfosalicylic acid 


No characteristic Grenish-blue colouration 


colouration 


9. Ferron 


4.12 Reactions of Aluminium (AI!!!) 
Indication 


No characteristic test is recommendable on dry sample. NaOH extract of the sample is 
most suitable for testing aluminium. Aluminium oxide being amphoteric, when aluminium salts 
react with caustic alkali, initially aluminium hydroxide, Al(OH), is precipitated. The АКОН), 
precipitate dissolves in mineral acids to form aluminium salts and dissolves in excess alkali 
to form aluminate (AI(OH),~ or AlO,~) salts (cf. p-94). 3 

AP* + ЗОН- > AOH), + 
АКОН), + ЗН” > AP* + 3H,0 
АКОН), + OH- — [AKOH);] 
[АКОН);] > [AIO;] + 29,0 

Metal ions, such as Fe!!! Cr™!, Hg", Си!!, Cd", Fe, Mn", Co", Ni", UY'* form sparingly 
soluble hydroxides or oxides, which once precipitated, do not dissolve in excess alkali. Pb. 
Zn, As. Sb, Sn, [also V, Mo, W]* are amphoteric, oxides and hydroxides of which dissolve 
in acids and also pass into the NaOH extract. If phosphate is present, alkaline earth metal 
ions (Be2**, Mg?*, Ca?*, Ѕг2*, Ва2*) are precipitated as their phosphates. Metals which form 
sparingly soluble hydroxides, are all precipitated as phosphates on NaOH treatment. If the NaOH 
extract is treated with barium chloride solution, phosphate is almost completely precipitated 
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as barium phosphate. Ba** ion, if any, does not interfere with aluminium tests. Ba?* ion can 
easily be removed as sparingly soluble BaSO, on treating the solution with dil.H,SO,. 

The following procedure is recommended for extraction of aluminium às aluminate, free 
from other metals. 

Digest 0.2 g of the solid sample with -2 mi of 1M NaOH or KOH solution for 2-3 minutes, 
Allow the reaction mixture to stand for some time and to the clear supernatant liquid add | 
drop of BaCl, solution (-0.25M). If a precipitate is formed, add more BaCl, solution to complete 
the precipitation of barium-phosphate, arsenate [molybdate, vanadate tungstate]* 
Centrrifuge and discard the residue. Acidify the clear centrifugate with dil. H SO}, and remove 
the precipitate of BaSO, by centrifugation. Add drops of aqueous - NH, to the centrifugate 
until ammoniacal. Gelatinous precipitate appears if aluminium is present. Whash the precipitate 
with water by repeated centrifugation to free it from ammonia (i.e, alkali). Use this neutral 
АКОН), precipitate directly, or, dissolve it in dilute acetic acid and use this solution for testing 
aluminium, 


Confirmation 
(1) Alizarin reagent 
Reagent solution: Saturated solution of the dye stuff in 95% ethanol. 
Reagent paper: Quantitative (Whatman No. 1) filter paper soaked in the reagent solution, 
dried and preserved in a stoppered container. 
Alizarin (1) (1, 2-dihydroxyanthraquinone), forms a red lake (2) with neutral aluminium 
hydroxide. 
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disappears due to its conversion to NH з and alizarin and the red colour of the Al-alizarin lake 
(2) becomes clearly visible. 

Alternatively, take а small quantity of alkali free aluminium hydroxide precipitate in a 
semi-micro test tubé and add | drop of the alizarin reagent. Place the test tube in a hot water 
bath or in a beaker containing boiling water. Beautiful red coloured Al-alizarin lake is formed 
within а few minutes. 

Metals ions that form sparingly soluble compounds in ammoniacal medium, eg, those 
derived from iron, manganese, chromium, [titanium, thorium, uranium]* interfere. But their 
interference can be eliminated by treating the weakly acidic test solution with potassium 
lerrocyanide, which forms insoluble precipitate with the interfering metal ions and fix them 
on the drop reaction paper, whereas, aluminium ions, if present, diffuse beyond the central 
spot as a damp ring. If à drop of the reagent solution is added on this spot using a capillary 
dropper and the paper is exposed to ammonia vapour and then dried as before, a red ring of 
the Al-alizarin lake is formed round the central spot of the precipitates. Uranium", if present, 
forms a brown precipitate with ferrocyanide. Because of its slimy nature, the uranium 
ferrocyanide precipitate tends to spread outwords from the spot and may obscure the Al-lake. 
This difficutty 15 over come by dipping the paper for a few minutes after treatment with the 
alizarin reagent into an ammonium carbonate solution, which dissoves the uranium ferrocyanide. 
Upon drving the paper as before, the red ring of Al-atizarin lake becomes clearly visible. 

Limit of identification: 0.15y of Al 
Limit of dilution: | : 3.33 х 10° 
(2) Alizarin-S reagent 
Reagent: 0.1% solution of alizarin-S in water. 


Alizarin-S or alizarin-red-S is the sodium salt of 1, 2-dihydroxy anthraquinone-3-sulfonic 
acid (1) or, simply sodium alizarin sulfonate. If forms a red lake (2) with aluminium hydroxide. 


О) OH 


О 





(1) 

The red lake is fairly stable to dilute acetic acid. 

Place a drop of the dil.(1M) NaOH extract of the sample on a spot plate, add а drop of 
the alizarin-S reagent and then drops of dilute acetic acid until the violet colour disappears 
and then add | drop of acetic acid in excess. A red precipitate or colouration appears if 
aluminium is present. 
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Alternatively, add | drop of the reagent to the neutral gelatinous precipitate of АКОН), 
taken in à test tube and place the test tube in a hot water both for a few minutes. The precipitate 
assumes a beautiful red colour. Run a blank test. 

Although salts of Ca, Sr, Ba, Fe, Co, Cu, Zn, [Ti, Zr, Ce, Th, U, Be, Lanthanides]* interfere, 
but they тау be rendered harmless by NaOH extraction and subsequent treatment described 
before. 

Limit of identification: 0.65y of Al 
Limit of dilution: 1:77 х 10° 


3. Test with aluminon reagent 


Reagent: Dissolve 0.1 g of aluminon reagent in 100 mi of water. 
Aluminon (1) is triammonium aurine tricarboxylate. The reagents is adsorbed by АКОН), 
precipitate giving а bright-red lake (2) 


О) 0 
COONH 4 COONH i COONH { Эъ ⸗ Nn 
HO О HO О) 
С С 
OH ОН 
(1) (2) 


Take a small amount of the freshly precipitated and washed aluminium hydroxide precipitate 
in а semi-micro test tube, add drops of dil.HCl (~2M) just to dissolve the precipitate. Add 
~| ml of ammonium acetate (-6M) and 2 ml of of the aluminon reagent. Shake, allow to stand 
for -5 minutes. To decolourise the excess dye stuff and also the lakes due to Cr(III) hydroxide 
and silica (if any), add an excess of saturated solution of ammonium carbonate containing 
ammonia, 

A bright red precipitate or colouration persists in the ammoniacal solution if aluminium 
is present. Run a blank test. 

Iron interferes, but it is rendered harmless if the test is carried out with the NaOH (1M) 
extract of the sample as described before. 

Limit of identification : 0.16y of AI. 
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3. Test with morin reagent 


Reagent: Saturated solution of the dye stuff in methanol. 

Morin is the colouring matter of fustic, Chemically it is 3. 5, 7, 2". A'-pentahydroxyflavano! 
(1). Aicoholic solution of the reagent reacts with neutral or acetic acid solution of aluminium 
salts to give an intense green fluorescence, both in day light and under ultraviolet radiation, 
due to the formation of colloidally dispersed adsorption product (2) with АР". 





(1) (2) 


[Be, In, Ga, Sc, Zr and Th]* salts also give fluorescence with morin reagent. Except with 
Zr’, reaction of morin with all other metal ions are pH sensitive. Interference due to these 
metals are eliminated if the test is carried out with the NaOH (1 M) extract of the sample 
as described. 

Impregnate a drop-reaction paper (Whatman No. 1) with morin reagent solution and allow 
the paper to dry. Place a drop of the neutral or acetic acid test solution on the reagent paper 
and dry again. Add a drop of dil. HCI (2M) with a capillary dropper on the spot. A green 
fluorescence is observed if А!” is present. | 

Limit of identification: 0.2y of А! 
Limit of dilution: | : 2.5 х 10° 


5. Test with quinalizarin reagent 


Reagent: Dissolve 10 mg of quinalizarin in 2 m? of pyridine, dilute with 20 т/ of acetone. 
The reagent paper may be prepared by soaking quantitative (Whatman no. 1) filter 
paper in this solution. 

Quinalizarin is 1, 2, 5, 8 - tetrahydroxyanthraquinone (1). It forms red precipitate or 

colouration with aluminium in neutral, or. ammonium acetate-acetic acid buffer medum due 
to the formation lake (2). 
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АКОН), 


OH OH 


O 
2 o : 
O 


(1) 


Place | drop of the test solution on a drop - reaction paper impregnated with the reagent 
solution (i.e, reagent paper) and hold the paper over the open mouth of a bottle of concentrated 
ammonia solution. A blue colour due to ammonium quinalizarinate developes. Now hold the 
paper over à bottle of glacial acetic acid until the blue colour that is formed, disappears and 
the unmoisted paper regains the brown colour of the free reagent. A red to red-violet spot is 
formed depending upon the aluminium content. 


Limit of identification: 0.0053 of AI 
Limit of dilution; | : 2 x 10° 
*Be^' also forms lake with quinalizarin. In ammoniacal medium or in caustic alkaline 

solution а blue-violet colouration or precipitate appears depending upon Be?* content, Mg?* 
gives a corn flower blue precipitate or colouration with alkaline solution of quinalizarin, but 
does not interfere with aluminium, since aluminium remains as aluminate (AlO,~) in alkaline 
solution and does not form lake with quinalizarin under this condition. Al-quinalizarin lake 
is formed in ammonium acetate-acetic acid medium (pH ~4.5). Interference due to most metal 
ions are eliminated if the test for Al is carried out with the NaOH extract of the sample after 
treatment with BaCl, solution and dil.H,SO, as described before. 


Other reactions of AIt 


| 


OH 





(i) Ammonia solution 
To | drop of weakly acidic test solution add drops of (1 : 1) aq-NH,. Gelatinous white 
precipitate of aluminium hydroxide Al(OH), is formed. The precipitate is slighly soluble in 
excess of the reagent, but solubility is depressed in presence of ammonium salts: 
АР? + 3NH, + 3H,0 — АКОН), У + 3NH,* 
(ii) Sodium hydroxide solution 
To | drop of the weakly acidic test solution in a semi-micro test tube, add drops of dilute 
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(1M) NaOH solution. A white gelatinous precipitate of AK OH), first appears, but dissolves 
in excess of the reagent, due to the formation of soluble salt, sodium aluminate: 


AP* + ЗОН” — АКОН), 
АҢОН),(%) + OH- — AOH); 
АКОН) — АЮ, + 2H40 





Add a few crystals of ammonium chloride to the clear, alkaline solution of sodium aluminate 


and boil for some times. Ammonia gas is evolved and the gelatinous white precipitate of Al(OH), 
reappears, f 


Al(OH); + NH,” = NH,T + AKOH),} + H,O 
(111) Ammonium sulfide solution 


To 2 drop of the weakly acidic test solution add drops of ammonium sulfide solution. until 
ammoniacal. Gelations white precipitate of АКОН); appears with evolution of H,S gas. 

2AP* + З(МН,),5 + 6H,0 — 2АҚОН), + + 3H,ST + 6NH,* 

Since AP* is a hard Lewis acid, it prefers to bind the hard base ОН” ion rather than the 
solft base S?- ion, when allowed to react with both the bases, as present in ammonium sulfide 
solutton. 

(iv) Sodium acetate solution 


To | drop of the weakly acidic test solution add | drop of sodium acetate solution (saturated). 
No precipitate is formed in neutral and cold solution. Add a few more drops of the acetate 
solution and boil. Voluminous precipitate of basic aluminium acetate appears, as hydrolysis 
of acetate ion produces ОН” ions and undissociated CH,COOH molecules. 


AP* + 3CH,COO- + 2H,0 > AKOH),(CH,COO)4 + 2CH,COOH 


(v) Disodium hydrogenphosphate (0.03M) 
To | drop of the weakly acidic test solution add а few drops of Na HPO, solution. White 
precipitate of aluminium phosphate appears. 


АГ? + HPOT = AIPO,y + Н" 
As the reaction is reversible, the precipitate is solube in dilute mineral acid. The precipitate 


also dissolves in NaOH solution due to the formation of sodium aluminate (distinction from 
Mg, Ca, Sr, Ba phosphates which an insoluble) 


AIPO, + 40H- — АКОН), + PO} 


The precipitate of AIPO, is insoluble in acetic acid (distinction from Mg, Sr, Ba phosphates, 
which are soluble). 





4.13 Reactions of Chromium (Cr, Cr'07, СРО) 
Indication 
(1) Borax bead test 
Green coloured bead is formed in both oxidizing and reducing Names. 


(2) Oxidative fusion test 


Prepare a bead of anhydrous Na,CO, on a clean platinum wire loop. Dissolve a crystal 
of KNO, in the molten Na,CO, bead. Touch a grain of the sample with the bead and heat 
the mixture in the oxidizing flame. A vellow bead results if chromium 1s present. 

Cr! salts are oxidized to chromate (Cr" 0,7) by KNO, in molten Na,CO, medium. 


Cr,(SO,), + SNa,CO, + 3KNO, + 2Na,CrO, + 3KNO, + 3Na,SO, + 5CO,7 
The test may also be carried out on a mica foil or on a nickel crucible-lid. 


Reactions of chromium (III) salts in solution 
(1) Aqeous-NH, solution 
СШ) salts react with aqueous NH, to form grey-green precipitate of Cr(II) - hydroxide, 
Cr(OH),, which dissolves in dilute mineral acids. Cr(OH), is also soluble excess of conc, NH, 
producing a violet to pink solution due to the formation of Cr(III) - ammine complexes. Cr(OH), 
is reprecipitated on boiling the Cr(llI)-ammine complex solution. 


Crt + 3NH, + 3H,O æ Cr(OH),+ + 3NH; 
Cr(OH), (5) + 3H* = Cr* + ЗН,О 
СОН), 5) + 6NH, = [Cr(NH,Z*] + 30H- 
[Cr(NH,)3*] + 3H,O = Cr(OH),+ + 3NH{ + 3NH, 
Therefore, precipitation of Cr(OH), with ag-NH, should be carried out in boiling solution 
and excess of NH, should be avoided. 
(2) Sodium hydroxide solution 


Grey-green gelatinous precipitate of Cr(OH), appears on addition of NaOH solution (2M) 
to Cr! salt solution. Like aluminium hydroxide, Cr'-hydroxide is also amphoteric as it 
dissolves both in mineral acid to form Сг!!! salts and also in excess alkali to produce green 
solution of tetrahydroxochromite (11): 


Cr(OH),(s) + Н" = Cr* + ЗН,0. 
Cr(OH),(s) + ОН” = СОН) 
CrOH), = Сг; + 2H,0 
The chromite (CrO,~) solution upon boiling, undergoes hydrolysis and Cr(OH), is almost 
quantitatively reprecipitated (distinction from aluminium) 
Сю, + 2H,0 = Cr(OH),+ + OH- 








(3) Sodium carbonte solution 


Sodium carbonate solution is alkaline due to hydrolysis of CO? ion. When С̧аһ 


solution is treated with sodium carbonate solution, C (OH), 15 precipitated with evolution of 
CO,. 


2Cr* + 3СО? + 3H40 — 2Cr(OH).+ + 3C0,7 
J 2 3 2 


(4) Disodium hydrogenphosphate solution 
Solutions of Cr! salts on treatment with Na HPO, solution produce green precipitate of 
CrPO,, which is soluble in dilute mineral acids, but insoluble in cold dilute acetic acid. 
CrCl, + 2Na,HPO, -> CrPO, + 3NaCl + NaH,PO, 


(5) Ammonium sulfide solution 


Ст) being a hard Lewis acid, does not prefer to bind soft Lewis base like S^ ion, rather, 
it strongly binds the hard OH" ion. As a result, Cr(II) hydroxide is precipitated with evolution 
of H,S, when СШ) salts are treated with ammonium sulfide solution in water: 


2Cr** + 3S% + 6H,0 — 2Cr(OH), 4 + 3H,S7 
(6) Oxidation of Cr (III) salts to chromate/dichromate 


СШ) salts may be oxidized to Cr(VI) state, ie, chromate (CrO1 ) /dichromate (CrO; É 
in the following ways: 

(i) Oxidation by H,O, — NaOH 

When Cr(llI) salt solution is treated with caustic alkali (NaOH/KOH), initially grey-green 


precipitate of Cr(OH), appears. The precipitate dissolves on boiling with excess alkali, 
producing a green solution of treatrahydroxo chromite, Cr(OH), ion, which on treatment with 


'20-volume' H,O,, is irreversibly oxidized to form yellow coloured chromate CrOj ion, as 
the E^ values in alkaline medium imply: 
HO, + H,O + 2e -› 30H" E° = +0.878 volt 
СО?” + 4H,O + 3e — Cr(OH), (hydrated) + SOH- E° = -0.13 volt 
The net reaction may be represented according to, 
2С(ОН)„ + 3H,0, + 20H- > 2CrO; + 8H,O 


(ii) Oxidation by sodium perborate (NaBO ,.4H,O) 
Instead of using H,O, directly, it can be generated in situ from alkaline hydrolysis of sodium 
perborate, 
BO, + 20H" > BOY + H,0, 
The alkaline solution of tetrahydroxo chromite СОН), is oxidized to chlromate on boiling 
with sodium perborate, 
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(iii) Oxidation by Br,-alkali 
In dilute alkaline medium, bromine (Br,) underogoes disproportionation to produce 
hvpobromite (OBr^) and bromide (Br^) tons: 


Вг, + 20H" > BrO' + Br + H,O 

Hypobromite jon in alkaline medium oxidizes Cr(llI) to chromate, as the E^ values imply: 
BrO“ + HO + 2e = Вг + 20H” E° = 40.761] volt 
СгО; + 4Н,0 + Зе = Cr(OH), (hydr.) + 50H- E° = 0.13 volt 

The net redox reaction is. 
2Cr(OH),- + 3BrO- + 20H-  ?CrO; + 3Вг + SH,O 


Excess bromine, if any may be destroyed by adding drops of phenol (1), which forms white 
crystalline precipitate of 2, 4, 6 tribromophenol (2) with Br,. 


OH OH 
Br Br 


+ 3Br, — { + 3HBr 
Br 
(1) (2) 


The precipitate of tribromophenol does not interfere with the tests of сю ion. The 


precipitate may also be removed by centrifugation. Free Br, can also be destroyed by adding 
sulfosalicylic acid (3) which is brominated to its mono-bromo derivative (4) that is soluble. 


COOH COOH 
OH OH 
+ Bry — + HBr 
H'O;S H'O,S Br 
(3) (4) 
(iv) Oxidation by peroxodisulfate [K,S,O, or (NH,),S,0,] 
In dil.H,SO, (2N - 3N) medium Cr(IlI) is oxidized to dichromate (Cr,O3-) by peroxo 
disulfate (5,07) ion as the E° values imply: 
$01 *2e æ 28507 E? = 42.01 volt 
CrO3- + I4H* + бе «= 2Сг* + 79,0 E? = + 1.33 volt 
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The net reaction is, 
35,06 + 2Cr** + 7H,0 > CAOS, + 14H* + 65027 
The reaction is catalysed by small amount of Ag* ion. The excess peroxodisulfate should 
be decomposed before applying the tests for Cr,O$- . Peroxodisulfate may be decomposed 
by boiling: 
25,027 + 2H,0 > 45027 + 4H* + O,1 
After cooling to room temperature, the solution has to be approporiately diluted for carying 
out the test for chromium. Halides must be absent. Halides if present, must be removed by 
heating the solid sample in a FUME CUPBOARD with conc.H,SO, until the dense white fume 
of sulfur trioxide is visible: 
2NaCl + H,SO, — 2HCIT + Na,SO, 
H,SO, > Н,0? + $0,1 
Take | ml of the weakly acidic test solution in a test tube, add 1 ml of 4N H;50,. 
1.2 drops of silver nitrate solution (0.1 M) and heat to boiling. Add а few crystals of К,5,0, 


(or, (NH,),S,0,) to the hot solution. An orange yellow colour developes. Continue boiling 
for some time, until the effervescence due to O, evolution ceases. Cool to room temperature, 


dilute and test for GEO. 


Confirmation 
If chromium is indicated in the borax bead test and in the oxidative fusion test, it is 
convenient to confirm it by testing in the form of chromate (CrO") ion. The yellow residue 


left in oxidative fusion test may be treated as follows: 

Extract the yellow residue left after oxidative fusion test with minimum volume of water, 
centrifuge and use the centrifugate for chromate testing. 

If the oxidative fusion test is carried out on à sodium carbonate bead on a platinum wire 
loop, treat the yellow bead with drops of water on a spot plate and separate the clear extract 
using a capillary tube putting à piece of cotton wool on the extract to facilitate filtration (cf. 
Fig 3.19a). Place drops of the vellow extract on the adjacent cavities of the spot plate and 
perform the following tests. 


(1) Barium chloride/Barium nitrate solution 


Place on drop of the vellow oxidative-fusion extract on a spot plate, add drops of dil. acetic 
acid until acidic and finally add 1 drop of barium chloride/or, barium nitrate solution. A bright 


vellow precipitate of barium chromate appears if Ст is present. 
Bad + Cro}; — BaCrO,+ 
Note: Lead acetate also forms yellow precipitate of lead chromate, but its use 15 not 
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recommended as chloride, if present, may form white precipitate of РЬС1„, which may obscure 
the yellow colour of PbCrO,. 


(2) Peroxochromic acid test 

(a). Take 1-2 drops of the yellow oxidative fusion extract in a semi-micro test tube, acidify 
with dil.H,SO,, add 1-2 m? of diethyl ether (or, isoamyl alcohol) and a few drops of hydrogen 
peroxide (10-volume). A blue colouration is formed, which is extracted into the organic layer 
on shaking. 

In presence of dilute sulfuric acid, CrO;" ion reacts with H,O, to form chromim peroxide, 
[Cr(O,),(O)]} or chromium pentoxide CrO.. 

Oo 


| | 
CrO} «2H-0-0- H « 2H* э "ea <I + 3H,0 
Ep, 
(CrO,) 


(b). Perform the peroxochromic acid test as above without adding diethyl ether (or isoamyl 
alcohol). The blue colour appears but fades rapidly with evolution of oxygen, as CrO, 
decomposes in aqueous solution, 


4CrO, + 12Н* > 4CP* + 6H,0 + 70,1 


(3) Diphenylcarbazide test 

Reagent: 1% solution of diphenylcarbazide in ethanol. 

In dilute sulfuric acid medium, diphenylcarbazide (1) reacts with Cr(VI) to produce a soluble 
intense. violet coloured complex, which is very characteristic of Cr and very trace quantity 
of chromium can be detected from its colour. 

When chromate (С) solution is acidified, it is transformed to dichromate, CrO} 
ion. Dichromate in acid medium oxidizes diphenylcarbazide (1) initially to colourless diphenyl 
carbazone (2) and finally to light vellow diphenlycarbadizone (3) and itself is reduced to lower 
valent chromium. 

Both diphenylcarbazide and diphenylcarbazone react with dichromate ion to produce the 
intense violet colouration. The high intensity of the colour possibly arise from charge transfer 
transitions. 

2CrOi + 2H* + со; + Н,0 
CrO; + 14Н* + бе х 2Cr* + 7H,0 


NH - NH - C,H, xi DG TR 
О=С = O=C + 2H" + 2е 
N NH- NH - C,H. NN = N- CH, 
(1) 02) 








VE + O=C 


М = N- CH N NEN- CH, 
(2) (3) 

(a) Place a drop of the yellow oxidative fusion extract on a spot plate, add drops of dil.H,SO, 
(1 M) until acidic and then drops of the diphenylcarbazide reagent. An intense violet colour 
appears if chromim is present. 

Limit of identification: 05y of Cr 
Limit of dilution: | : | * 10° 

(b) Alternatively, the preliminary oxidation of Cr(II) salt to chromate may be carried out 
on the spot plate itself as follows. 

Place a drop of the weakly acidic test solution on a spot plate, add | drop of saturated 
bromine water and drops of dil.KOH solution (2 M) until alkaline to litmus. Mix thoroughly. 
To destroy the excess bromine (if any) add a crystal phenol or sulfosalicylic acid, which 
consumes the unreacted bromine to form their bromo derivatives [cf p-304]. Then add 1 drop 
of diphenylcarbazide reagent and finally drops of dil.H5SO, (1M) unatil acidic. The red colour 
of the reaction product between diphenylcarbazide and alkali disappears and an intense violet 
colouration is produced if chromium is present. 

Fe, Cu, Mn, Ni and Co salts interfere in this precedure, as their hydroxides are precipitated 
by alkali. The test may be applied by removing the precipitates by filtration through cotton 
filter (cf. Fig. 3.19 a) 

Limit of identification: 0.253 of Cr 
Limit of dilution: | : 2*10° 

(c) Alternatively, place a drop of the weakly acidic test solution on a spot plate, add 2 
drops of (0.1N) potassium peroxodisulfate, К,5,0, (or ammonium  peroxodisulfate. 
(МН,),5,0,) and | drop of silver nitrate solution (0.1 M). Allow to stand for 2-3 minutes 
and then add 1 drop of the diphenylcarbazide reagent. An intense violet colour is developed 
if chromium is present. 

Mn. if present, is oxidized to purple coloured permagnic acid (HMnO,). Hg-salts, (vanadate, 
molybdate)* give blue-violet colour with the reagent in acid medium. If some oxalic acid is 
added, permanganate is reduced to Mn?* salt, and molybdate is masked by forming 
oxalatocomplex, H,[MoO,(C,0,)). 

Limit of identification: 0.8y of Cr 

Limit of dilution : 1: 6 x 10 


4, Test with chromotropic acid reagent 


Reagent: Saturated solution of chromotropic acid in water. | | 
Chromotropic acid (i.e., 1,8-dihydroxynapthalene-3, 6-disulfonic acid, 1) reacts with alkali 
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metal chromates in presence of nitric acid to produce red colouration in transmitted light. Сте) 
salts are to be oxidized to chromate bv H,O, in alkaline midium and then acidified with 
dil. HNO. (2N) before applying this test. 

Fe, U, Ti interfere, but in presence of HNO, they have practically no influence. 


OH OH 


"ve 


HOS SO,H 
(1) 


In 2 М acid medium, chromate (Сто) is transformed to dichromate (С EOS ү, which 
oxidizes chromotropic acid (1) to a quinoidal compound, which is responsible for the formation 
of the coloured product, possibly with Сү). 

Place a drop of the test solution (i.e, the oxidative fusion extract) in а semi-micro test 
tube, add a drop of 8M HNO, and dilute to ~ 2 m/ with water and then add 1 drop of the 
reagent, A red colouration is observed with a white light behind the tube if chromium ts present. 

Limit of dilution : | : 5x10 


4.14 Reactions of Cobalt (Со!!, Со!!!) 

Indication 

(1) Borax bead test 

Blue bead of cobalt metaborate, Co(BO,),, or the complex salt, Na,[Co(BO, ),], is formed 
both in oxidizing as well as in reducing flames. Even the presence of large amount of Ni does 
not interfere. 

(2) Intense green colouration 

(a) With conc. HCI 

Solid sample or weakly acidic or neutral test solution of cobalt (II) salt on boiling with 
conc. HCI forms intensely green coloured tetrachlorocobaltate (il) complex, CoCh ion, which 





on dilution with water, turns purple coloured due to regeneration of the Co! (ag) ton, Co(H,0);". 
Co?* + 4HCI — [СоС!2-] + 4H" 
[CoCl;-] + 6H,0 > Co(H,O);* + 4CF 
(b) With H,O, - Na,CO, solution 
Take a drop of the weakly acidic or neutra! test solution on a spot plate or in a semi-micro 
test tube, add | drop of H,O, (10-volume) and 1-2 drops of saturated solution of Na,CO,. 
A deep green colouration or precipitate appears due to the formation of Co(III) - carbonato 
complex. 








Reactions of cobalt (II) salts in solution 
(1) Ammonia solution 
When Co(II) salts react with small amount of aq-NH, in the absence of ammonium salts, 
blue coloured basic Co(II) salts are precipitated. The precipitate is soluble in excess of NH,, 


and in solution of ammonium salts, forming brownish yellow solution of hexaammine Coll) 
complex: 


Co(NO,), + NH, + H,O - Co(OH\NO,)) + NH,” + NO, 
Co(OH)(NO,)(s) + 6NH, > [Co(NH42*] + OH- + NO, 
Co(OHY(NO,)/s) + 6NH,” — [Co(NH,)2*] + NO, + H,O + 5H" 

On passing air through the ammoniacal solution of Со(11), or, more rapidily, on addition 
of H,0,, the brown-yellow colour of complex (Co(NH,);"] ion turns red, due to its oxidation 
to Со(Ш) ammine complex, [Co(NH;),] (OH),: 

4Co(OHXNO, )/s) + 28NH, + 6H,0 + О, — 4[Co(NH,), (OH), + 4NH,° + 4NO. 
The Сой) ammine complexes are not affected by alkali hydroxide solutions. 


(2) Sodium hydroxide solution 

When Co(II) salts are treated with caustic alkali solution, blue coloured basic salts are first 
precipitated, which upon warming with excess alkali, are converted to pink coloured precipitate 
of Co(II) - hydroxide. Small amount of the precipitated Co(OH), passes into solution in excess 
of the reagents, forming a bluish green colouration. 

Co(NO,), + 2NaOH — Co(OH),+ + 2Na* + 2NO, 
Co(OH),(s) + 2NaOH — [Co(OH)] + 2Na* 

Precipitated Co(OH),, 15 oxidized to brownish black coloured Co(III) hydroxide on exposure 

to air or on treatment with H,O., 
4Co(OH),+ + O, + 2H,0 — 4Co(OH),+ 
2Co(OH),4 + Н,0, =» 2Co(OH), 

Precipitated Co(OH), is soluble in ag-NH, and in concentrated solutions of ammonium 
salts if the solution is ammoniacal, due to the fornation of brownish yellow coloured Co(ll) 
ammine complex, [Co(NH,)2*] ion (discussed before). 

(3) Ammonium sulfide solution 

Black precipitate of Co(II) - sulfide is formed on treatment of neutral or ammoniacal solution 
of Co(Il) salts with (NH,)SS solution: 

Со?* + 52- —» CoS4 

Although CoS is not precipitated in dil. HCI medium, but the precipitate undergoes so rapid 
aging that it becomes insoluble in HCI. It dissolves only in hot conc. HNO, or in aqua-regia, 
which oxidizes S% ion to elemental sulfur or even to sulfate (cf Sect 4.15). 

3CoS(s) + 2HNO, + 6H* 5 3Со?* + 3S} + 2NOT + 4H,0 
CoS(s) + HNO, + 3HCI > Co?* + S} + NOCIT + 2СГ + 2H,0 


t 
1 





(4) H,S-water 
No precipitate is formed if dil.HCl solution of Co(II) salt is treated with H,S-water, 
However, on rendering the solution ammoniacal, black precipitate of CoS appears, but the 
precipitate does not dissolve in dilute mineral acids (as described above). 
Confirmation 
(1) Test with potassium nitrite 
In neutral or in dil.acetic acid slution Co(II) salts are oxidized by nitrite ion to yellow 
coloured cobaltinitrite complex, [Co( NO, 27], of which the potassium salt being sparingly 
soluble, а yellow precipitate of potassium cobaltinitrite is formed. 
NO, + 2H* + e — NOT + H,O Е° + 0.99V 
Со?* + e — Co? E? = 1.84V 
Although E°(Co**/Co**) is much higher than E°(NO,~ + H*/NO), but the formal potential 
of Co?*/Co^* system becomes much lower due to complex formation of Co?* with NO, ion. 
Relative stability of the Со?* — NO," complex is sufficiently higher than that of the Co?* — 
NO; Complex. Both these factors effect the oxidation of Co** to Co?* by NO; ion (cf. Sect 
2.4). The overall reaction is, 
Со?* + 7МО, + 2H* + 3K* + K,[Co(NO,),J+ + NOT + H,O 


Place 1-2 drops of the neutral or acetic acid solution of the sample in a semi-micro test 
tube, add drops of freshly prepared saturated potassium nitrite solution and stirr with a glass 
rod. Warm slightly if necessary and scratch the sides of the test tube with the glass rod. Yellow 
crystalline precipitate appears if cobalt is present. 

Note: (1) By this test К? and NO," ion can also be detected. 

(2) Co(II) salts may be differentiated from Ni(II) salts by this test. 

(2) Vogel’s reaction: Ammonium or Potassium thiocyanate (NH,SCN or KSCN) 

Reagent: Saturated solution of NH,SCN/KSCN in acetone. 

In neutral or weakly acidic solution, Co(II) salts react with NH SCN or KSCN to form 
intensely blue coloured tetrathiocyanatocobaltate(II) complex, [Co(SCN); ] ton. 


Co** + 4SCN- = [Co(SCN); ] 


[Co(SCN)?"] + 2H* = H,[Co(SCN),] 


In presence of conc.HCl, the free complex metallo acid, H,[Co(SCN),], is formed, which 
is extractable into organic solvents, such as diethylether, iso-amyl alcohol, forming blue-violet 
organic layer (distinction from Ni", which produces yellowrsh-green colouration with thiocy- 
апаїе). 
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(a) Place 1-2 drops of the slightly acidic test solution in a semi-micro test tube and add 
a few drops of the thiocyanate solution in acetone. A blue colouration is produced. Add a few 
drops of diethyl ether or iso-amy! alcohol and shake vigorously. The organic layer turns blue- 
violet if cobalt is present. 

Cu(II) salts interfere, by forming red-brown colouration or precipitate of Cu(SCN),. Cu(II) 
may be reduced to Си(1) by SO,-water or sodium sulfite in dil.HCl medium and precipitated 
as Cu,l, which does not interfere, 

Ке(Ш) forms blood-red coloured [Fel SCNY'*] complex and interfere. Fe IIT) maybe rendered 
harmless by masking it in the form of its fluoro complex, [FeF2-] ion, which is colourless 
or by reducing Fe(IIl) to Fe (II) with thiosulfate solution. Molybdates* in presence of strong 
reducing agents, such as Sn(II) chloride, gives red colouration with thiocyanate due to the 
formation of H,{Mo(SCN),] complex. Molybdate may be rendered inactive by adding a drop 
of phosphoric acid or complexing with oxalic acid or tartaric acid. 

(b) Test for Co(II) in presence of Си) 

If the colour of the test solution is blue or if Cu is suspected, take 1 m? or the weakly 
acidic test soluton іп a centrifuge tube, add a few crystals of Na,SO, and shake. Cu(ll), if 
present, will be reduced to colourless Cu(I). Add drops of KI solution, white precipitate of 
cuprous iodide, Cul, appears. Brown colour of L, will not be visible as the test solution contains 
sulfite. Centrifuge and treat the centrifugate with the thiocyanate reagent and ether/amy! alcohol 
as described above. 

Limit of idntification г 0.5y of Co. 
Limit of dilution: | : | х 10° 

(c) Test for Co(II) in presence of Fe(II) 

Place 1-2 drops of the weakly acidic test solution on spot plate, add a few crystals of 
ammonium bifluoride and 5 drops of 10% solution NH,SCN in acetone. A blue colouration 
is produed if Co(ll) is present. 

Limit of identification: Vy of Co 
Limit of dilution: | : 5 x 10° 
(3) Test with sodium thiosulfate (Na,5,0,.5H,0) 


In neutral solution Co(II) salts react with concentrated solution of sodium thiosulfate to 
produce blue colouration due to the formation of the complex, [Co 5,0,)2-] ion. Metal ions 
forming ammine-complexes, eg, Cu?*, Zn?*, Ni?*, Pd?* do not interfere. Fe(III) salts give 


transient violet colouration with 5,05 ion due to the formation of [Fe(S,0,)5], which reacts 
with unreacted FeJ* ion to form Ее2* and colourless tetrathionate (5,057) ion. The 
decolourization is accelerated in presence of traces of Cu(II) salts (cf. p-259). 
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Take a few crystals of sodium thiosulfate on a spot plate and add | drop of the neutral 
test solution. A more or less intense blue colouration is produced within a few minutes depending 
upon the amount of cobalt present. The colour reaction is accelerated if ! drop of alcohol 
is added. 

Limit of identifucation: 8y of Co 
Limit of dilution: | 6250 


(4) Test with 1-nitroso-2 napthol (IN2N) 
Reagent: Dissolve 1 g of 1-nitroso-2-napthol in 50 m? of glacial acetic acid and dilute the 
solution to 100 mi. 
| -Nitroso-2-napthol (1N2N, 1) reacts with Co(III) in dilute acetic acid medium to form 
redish-brown crystalline precipitate of the inner metallic Co (III) chelate complex (2). 


О... 
a кш xen 
| OH О 
COMMO ORE 
(1) (2) 


The precipitate maybe extracted in to chloroform to give a wine-red coloured solution. This 
is a reaction of Co(lll) salt. Although the reagent itself may oxidize Co(II) to Co(III) under 
the experimental condition, but it is convenient to oxidize Co(II) to Co(III) before applying 
this test. 

Take 1-2 drops of the neutral or weakly acidic test solution in a semi-micro test tube, add 
1-2 drops of 10-volume H,O, and 1 drop of NaOH solution (-2M). A black precipitate of 
Со(Ш) hydroxide will be formed. Warm on a water bath for ~2 minutes to coagulate the 
precipitate, Wash the precipitate with water by centrifugation. Dissolve the black precipitate 
in hot dilute acetic acid and add 1-2 drops of the IN2N reagent. A red brown crystalline 
precipitate is formed if cobalt is present. 

Limit of identification: 0.05y of Co. 
Limit of dilution: | : | x 105 

Iron (III), copper (ЇЇ), uranium (IV)*, paladium (II)* also give coloured precipitate with 
IN2N. Copper may be transformed into sparingly soluble Cu,l, by treating with KI solution. 

2Cw* + 41- > Сы, +1, 


Cu,l, may be removed by centrifugation and the brown colour of the centrifugate due to 
free iodine may be removed by adding sodium sulfite. Co(IT) in the resulting solution may 
be converted to Сой) and tested with 1N2N as described above. 
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— — to iron( Ii 1), copper (II) and uranium (IV) may be eliminated by precipitating 
metal lons as ther sparingly soluble phosphates by treating the test solution with sodium 
or ammonium dihydrogen phosphate in acetic acid-sodium acetate buffer medium (pH-4.5- 
5), when Co(Il) remains in solution, but the interfering metal ions are precipitated а their 


phosphates, as the solubility products (pK... values) imply: 
CoHPO, FePO, U(HPO,), Cu,(PO,), 
PK. 6.7 21.9 27.5 36.9 





After removing the precipitated phosphates by centrifugation, the Co(II) in the centrifugate 
may be converted to Со(Ш) and tested with IN2N reagent as described above. 

(5) Test with nitroso-R-salt reagent 

Reagent; 1% solution of nitroso-R-salt in water. 
| Sodium- | -nitroso-2-hydroxynapthalene-3, 6-disulfonate. trivially named as nitroso-R-salt (1) 
is similar to. l-nitroso-2-napthol (1N2N) reagent in its reactions with metal ions. The only 
difference is, because of the presence of the sulfonate group, the reagent and its metal complexes 


are water soluble, Instead of forming coloured precipitate as does 1N2N, nitroso-R-salt forms 
intensely coloured solutions with metal ions. 


О 
— 


QOL. 
Na'O;S SO; №" 


(1) 


For carrying out test for cobalt, the test solution containing Co(II) salt should be oxidized 
with H,O,-NaOH mixture to form black Co(III) hydroxide, and the latter after decomposition 
of excess H,O, should be dissolved in acetic acid as described under test with |N2N reagent. 
The resulting test solution, containing Co(IlI), should be subjected to test with the reagent. 

Take 1-2 drops of the oxidized test solution in a semi-micro test tube, add 1-2 drops of 
sodium acetate solution (saturated) and then 2-3 drops of the reagent. A red colouration is 
produced if cobalt is present. 

The test is applicable in presence of nickel. Iron and tin interfere and should be removed. 
Iron (III) can be masked as [ЕеЕ2-] complex by adding 1-2 crystals of NH,F or KF or NaF. 
Tin, if present, should be removed as sulfide with H,S - water in HCI medium. 

Limit of dilution: | : $ x 10° 


(6) Test with rubeanic acid reagent 


Reagent: 1% solution of rubeanic acid in ethanol. 
In presence of ammonium or sodium acetate, Co(II) salts react with alcoholic solution of 
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rubeanic acid (1) forming a yellow-brown precipitate of Co(II) rubeanate complex (3) with 
the dithiol (or diimido) form (2) of the reagent. 


| аре ý HN, S 

HN. ys Н Си“ 8 N 
| * | Co" | Со! + 2H* 
C C M 

HN ЫХ нм N sH нм S 
(1) (2) (3) 


Although the precipitate of Co(I)-rubeanate (3) is formed in basic solution, but once formed, 
the precipitate does not-dissolve in mineral acids. 

МИП) and Cu(II) salts react with rubeanic acid under the same experimental condition, 
producing respectively blue and black precipitates. Large excess of ammonium salts reduce 
the sensitivity of the test. 

Place a drop of the test solution on a drop reaction paper and hold the same over ammonia 
and then and a drop of the rubeanic acid reagent. A vellow-brown fleck or a ring is formed 
if cobalt is present. 

Limit of identification: 0.03y of Co 


Limit of dilution: | : 1.66 х 10° 
4.15. Reactions of Nickel (Ni!!) 
Indication 


(1) Borax bead colouration 


Borax bead is coloured brown by Ni(II) in the oxidizing flame due to the formation of 
Ni(ll}-metaborate, Ni(BO,),, or, complex metaborate, Na,[Ni(BO,),] and grey in the reducing 
flame due to the formation of metallic nickel. 

Reactions of МИП) ions in solution 

(1) Ammonia solution 

When МИП) salt solutions are treated with ag-NH, solution, green precipitate of Ni(OH), 
is first formed. The precipitate dissolves in excess ammonia producing deep blue colouration 
due to the formation of МИП) ammine complexes: 

№?" + 2NH, + 2H,O — Ni(OH),+ + 2NH,* 
Ni(OH),(s) + 6NH, — [Ni(NH,)?*} + 20H- 

The precipitate is also soluble in dilute acids, 

Ni(OH), + 2H* — №? + 2H,0 | 

If ammonia is added in presence of ammonium salts, the precipitate of Ni(OH), is not 
. formed, but blue colouration due to the ammine complex, [Ni(NH,)?*] ion, is formed 
immediately. 
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(2) Sodium hydroxide solution hd 


When МИП) salt solutions are treated with NaOH solution, green precipitate of Ni(OH), 
appears, The precipitate is insoluble in excess NaOH solution (distinction from chromium). 
Ni? + 20H- — МОН), 4 
| The precipitate is soluble in ammonia solution and also in solution of ammonium salts 
in presence of caustic alkali, producing deep blue colouration due to the formation of 
hexaammmine nickel (11) complex, [Ni(NH.)?*] ion. 
МОН), (8) + 6NH, > [Ni(NH.)2*] + 20H- 
Ni(OH),(s) + 6NH,* + 40H- — [Ni(NH,)7*] + 6H,O 
The deep blue colour of complex [Ni(NH 5), | ion may be mistaken with the intense blue 
colour of [Cu(NH,)7*] ion. [Ni(NH4?*] complex, is not oxidized on exposure to air or on 
treating with Н,О, to higher valent nickel complexes (distinction from cobalt). МП hydroxide, 
on the other hand, catalyses the disproportionation of 0 


Н,0, +H,0, —~—2 52,0+0, f 
Precipitated Ni(OH),, may however, be oxidiszd to Ni(II) hydroxide by hypochlorite 
(OCI) ion: 
2Ni(OH),(s) + CIO- + Н,О > 2Ni(OH),+ + Cr 


(3) Ammonium sulfide solution 
М) salt solutions, on treatment with ammonium sulfide reagent produce black precipitate 
of Ni(Il)-sulfide, NiS, which becomes colloidal in presence of excess of the reagent and also 
in presence of large excess of ammonium salts. The colloidal solution may be coaugulated 
by boiling, or, rendering slightly acidic with acetic acid and boiling. 
М?* + S% — NiS4 
Although not precipitated in dilute HCI medium, NiS, like CoS, once precipitated, does 
not dissolve in dilute HCI (distinction from MnS and ZnS) and also in acetic acid. Possibly 
the precipitate undergoes rapid aging and transforms into a more compact structure, which is 
not attacked by dilute acids. The precipitate dissolves іп hot conc.HNO, and also in aqua- 
regia with separation of sulfur, which on prolong digestion, is oxidized to sulfate ion and passes 
into solution: 
3NiS(s) + 2HNO, + 6H* > 3NÜ* + 2NOT + 3S4 + 4H;O 
NiS(s) + HNO, + 3HCI + Ni? + NOCIT + S& + 2C + 2H,0 
S(s) + 2HNO, + 5047 + 2H" + 2NO* 


S(s) + 3HNO, + 9HCI — 5027 + 6CL + 8H' + 3NOCIT + 2H,0 


(4) H,S -water | | 
When Ni(II) salts in neutral solution, are treated with H,S - water, NiS is only partly 
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precipitated, but no precipitateion occurs in solutions containing mineral acids. However, 
complete precipitation of NiS occurs from ammoniacal or alkaline solution (cf. reactions with 
(NH,),S solution). 

Confirmation 

(1) Test with dimethylglyoxime (DMGH,) reagent 

Reagent: 1% solution of dimethylglyoxime in alcohol. 

In faintly ammoniacal solution, or, in solution made just alkaline with sodium acetate, Ni(II) 


salts react with dimethylglyoxine (DMGH,, 1) to form red crystalline precipitate of his- 
dimethylglyoximato nickel (II) complex, [Ni(DMGH),] (2). 


H 
p Ж 
OH О О 
C ! H,C н A CH 
— dic aes 
2 Wf CHE „с^ | aN | + 2H 
С C / ASN 
HC Му HC/ Ny м2 “Сн, 
он ee: 
а? 
(1) (2) 


Cu^' in ammoniacal medium gives violet colorered soluble complex with DMGH,. 
Fe?* (gives red colouration), Co?* (produces brown colouration), Ві?“ (forms yellow precipitate) 
interfere in ammoniacal solution. Fe?* is precipitated as Fe(OH), in ammoniacal medium and 
obscure the test. Palladium and platinum give precipitate even in acidic solution. Gold salts 
are reduced to metallic gold. Most metal ions that form hydroxide precipitate with ag.NH. 
interfere. Fe?* ion may be masked with NaK-tartarate. Interference due to Fe?* may be 
eliminated by oxidizing it with H,O, in ammoniacal medium, then masking the resulting Fe?* 
with NaK-tartarate solution. 

(a) Place a drop of the neutral or weakly acidic test solution on a drop-reaction paper, 
add a drop of the reagent (and | drop of NaK-tartarate if Fe?* is present). Hold the paper 
over ammonia vapour. A red spot appears if Ni(II) is present. 

(b) Alternatively, take 1-2 drops of the weakly acidic or neutral test solution in a semi-micro 
test tube or on а spot plate, add 1 drop of the reagent. [Add 1 drop of NaK-tartarate if Fe? 
is present]. Then add drops of dilute ammonia solution. A red crystalline precipitate is formed 
if Ni(II) is present. А red colouration may be produced if small amount of Ni(II) is present. 

Limit of identification: 0.16y of Ni, 0.5y of Ni in pressen of fe 
. Limit of dilution; 1 : 3*10°, 1 : 1*10° in presence of Fe. 
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(c) Test of Ni(II) in presence of Cu(II), Co(II) and Mní(II) 

Place a drop of the weakly acidic test solution on a spot plate, add | drop of H,O, (10- 
volume) and | drop of Na4CO, solution (saturated). If Co(II) is present it is oxidized to Со(111), 
forming a green solution, which gradually darkens and black precipitate of Co(II) oxide appears. 
Mn (11), if present, is oxidized and precipitated as black MnO,. Cu(II) is also precipitated first 
as basic salt then as black Cu(OH),. Add | drop of alcoholic DMGH, solution. Red precipitate 
of NI(DMGH), is formed and slowly rises to the surface of the liquid, because of lower surface 
tension of alcohol. 

Limit of identification: 1.254 of Ni (in presence of 200 times of Co) 
Limit of dilution: | : 4 x 104 


(d) Test of МИП) with paper impregnated with DMGH, reagent 


Soak a strip of Whatman No. | filter paper in alcoholic solution of ОМОН, and allow 
the paper to dry. Place a drop of the weakly acidic or neutral test solution on the reagent paper 
and allow it to dry. Immerse the paper in a bath of dilute ammonia solution and keep it in 
gentle motion. Coloured dimethylglyoximato compounds of copper and cobalt are dissolved 
and red fleck of Ni(DMgH), remains on the white background of the paper. 


(e) DMGH, test of Ni(II) in presence of oxidizing agents 


In presence of large excess of oxidizing agents, the red precipitate of Ni(DMGH), is not 
formed, a red to orange colouration is formed instead. Red Ni(DMGH), on treatment with 
suitable oxidant in alkaline medium is transformed into a pink solution, which possibly consists 
of Ni(IV) and/or an oxidation product of ОМОН” ion. 

Place a drop of the test solution on a spot plate, add 1-2 drops of saturated bromine water 
(ог, a small crystal of K,S,0, or (NH,), S,0,) and a drop of 0.1 M AgNO, solution. After 
2.3 minutes, render the solution ammonical. Bromine colour disappcars. Add a few more drops 
of ammonia solution. A red to orange colour remains if nickel is present. 

Limit of identification: 0.12y of Ni 
Limit of dilution: | ; 4 x 10° 


(2) Test with rubeanic acid 


Reagent: 1% alcoholic solution of rubeanic acid. | 
Ni(II) salts in ammoniacal medium, react with rubeanic acid (1) to form blue to blue-violet 
precipitate of Ni(II)-rubeanate (3) with the dithiol (or diimide) form (2) of the reagent. 


4! $ 
— ONUS 2+ Ne ^ 
| 2 | — | Ni + 2H” 


C C C 
(1) (2) (3) 
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Cu(Il) gives a black precipitate and Co(Il) gives a brown precipitate with the reagent and 
interfere. Cu(Il), Co(II) and МИП) rubeanates, although are precipitated in ammoniacal medium, 
but are not soluble in dilute mineral acids. Possibly the precipitated complexes undergo rapid 
aging, leading to polymeric materials. [Cf reaction with Cu(II), p. 260] 

(a) Place a drop of the test solution on a drop reaction paper and hold it over ammonia 
vapor for 1-2 minutes. Add a drop of the alcoholic solution of rubeanic acid. A blue to blue- 
violet stain is formed depending upon the quantity of Ni(II) present. 

Limit of identification: 0.012y of Ni (in 0.015 mi) 
Limit of dilution: | : 1.25 х 10° 


(b) Rubeanic acid test of МИП) in presence of Fe(III), Cu(IF) and Со(П) by capillary 
separation of ammine complexes 

Taking advantage of the fact that the ammine complexes, [Cu(NH.;*], [Co(NH, ;*] and 
[Ni(NH.)?*] differ in their diffusion velocities on filter paper, it is possible to create capillary 
separation of these ammine complexes and to detect Nil, Си! and Co" from the colours of 
their rubeanate complexes. 

Place a drop of an ammonical test solution containing Co(II), МКП) and Си) in mixture 
on а drop reaction paper and hold the paper over ammonia vapour for some time. If МИП) 
is present, the complex [Ni(NH.)2*] ion moves fastest and so it accumulates in the outer zone 
of the spot. Add a drop of the alcoholic solution of rubeanic acid at the periphery of the paper. 
As the reagent drop coalesces with the outer zone of the test solution, a blue ring of МИП) 
rubeanate is formed encircling the brown to green or brown circle due to Cu(II) and Co(II) 
rubeanates. 

This test of МИП) can also be carried out in presence of Fe(III), which is precipitated as 
brown Fe(OH), in ammoniacal solution, while the [Ni(NH,)27] complex ion diffuses out and 
reacts with the reagent applied from the side of the paper, forming a blue ring around the 
brown spot of Fe(OH).. 


4.16 Reactions of Manganese (Mn!!, Mn!!!) Mn", MnV!, Mn"!!) 

Indication 

(1) Borax bead colouration 

Oxidizing Flame: 

(i) Violet bead when hot and amethyst-red when cold with small amount of Mn. 

(п) Almost brown bead with large amount of Mn (may be mistaken with that of Ni). 

Reducing Flame: 

Manganese bead is colourless (distinction from Ni for which the bead in reducing flame 
is grey). 
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(2) Oxidative fusion test 


When manganese salts are fused with sodium carbon 


| ate in presence of an oxidizing a 
such as, potassium nitrate on a mica наз 


foil or on a platinum wire loop, a green mass is produced 
due to the formation of alkali manganate (MnOi^ Y 


.. MnS0, + 2KNO, + 2Na,CO, ~» Na,MnO, + 2KNO, + Na,SO, + 2CO,? 
The green mass on extraction with water produces a green solution, which on neutralization 


with dilute acid (not HCI) produces pink coloured premanganate (MnO;) ion and precipitates 
MnO, in neutral medium through disproportionation reaction (cf p. 190). 


3MnOj^ + 2H,0 > МпО, 4 + 2MnO; + 40H- 
m acidic medium (not HCI), MnO, ion disproportionates to permanganate MnO; and 
Mn^' ion, 
SMnOj- + 8H* + 4MnO; + Mn?* + 4H,O 
Reactions of Mní(II) salts in solution 
(1) Sodium hydroxide solution 


On adding dil.NaOH (~2M) solution to Mn(II) salt solution, initially a white precipitate 
of Mn(II)-hydroxide is formed. The precipitate is insoluble in excess alkali but soluble in 
dil.HCl. The precipitate slowly becomes brown on exposure to air due to oxidation to black 
hydrated manganese dioxide, MnO(OH ),. 

Mn?* + 20Н- > Mn(OH),+ 
2Мп(ОН), (5) + O, > 2MnO(OH),+ 

Transformation to black MnO(OH), is rapid if some H,O, is added, 
Mn(OH),(s) + Н.О, > MnO(OH),+ + H,O 


(2) Ammonia solution 

White Mn(OH), is partly precipitated when Ма) salts are treated with ag-NH; solution. 
The precipitate dissolves on addition of ammonium salts, as due to common ion effect of NH,” 
ion, the equilibrium, 

Mn?* + 2NH, + 2Н,0 = Mn(OH),+ + 2NH,* 

shifts to the left. 

(3) H,S - water 

No precipitate is formed when Mn(II) salts are treated with H,S-water in dil. HCI medium, 
but pink (flesh coloured) precipitate of MnS appears on rendering the solution ammoniacal. 


(4) Ammonium sulfide 
Colourless ammonium sulfide solution produces pink (flesh) coloured precipitate of MnS 


with Mn(II) salts. 
Mn2* + S% > MnS4 
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The precipitate is soluble in dil. HCI (distinction from CoS and NiS). The precipitate is 
even soluble in acetic acid (distinction from CoS, NiS and ZnS). 
MnS(s) + 2H* 2 Мп2* + H,S7 
MnS(s) + 2CH,COOH — Mn?* + 2CH,COO" + H,S7 


(5) Disodium hydrogenphosphate solution (0.0337) 
In presence of ammonia or ammonium salts, Mn?* reacts with HPO; ion to produce pink 
precipitate of ammonium manganese phosphate, NH,MnPO,.7H,O. In absence of ammonia, 


or, ammonium salts, binary Mn(II) phosphate is precipitated, 
Mn** + NH, + HPOJ + 7H,0 > (NH,)MnPO,.7H,O+ 


3Mn?* + 2HPOT^ — Mn;(PO,)> 4 + 2H* 
Both the phosphate precipitates are soluble in dilute mineral acids. 


Confirmation 

(1) PbO, (or Pb,O,) — conc. HNO, oxidation 

Colourless manganese (II) salts are oxidized to pink coloured permanganic acid (HMnO,) 
when digested with lead dioxide (PbO,) or red lead (Pb.O, which is 2PbO.PbO,) and conc. 
HNO.. 

SPbO, + 2Mn** + 4H* — 2MnO,- + 5Pb?* + 2Н,О 

(a) Place 1 m? of the test solution (not containing НСІ or any chloride), or, ~0.1 g of the 
solid sample їп a semi-micro test tube, add small amount of lead dioxide (or red lead) and 
a few drops of conc. HNO,. Boil for 2-3 minutes inside a FUME CUPBOARD, dilute with 
|-2 ml of water, mix well and allow to settle the suspended solids containing unreacted PbO,. 
The supernatant liquid assumes a purple (i.e, violet-red or pink) colouration, due to the formation 
of permanganate (MnO,) ion. 

(a)(i) Place 2 drops of the purple coloured supernatant liquid obtained in test 1(a), on two 
adjacent cavities of a spot plate. Add 1-2 drops of HCI in one cavity and 1-2 crystals of oxalic 
acid in another cavity. Purple colour of MnO, is discharged in both the cavities due to reduction 
of MnO, ion to colourless Мп" ion: 


2MnO; + 5C,0;> + 16H* + 2Mn** + 10 CO,T + 8H,0 
2MnOj + 10 Cl” + 16H* — 2Mn** + 5С1,7 + 8H,0 
(2) Peroxodisulfate oxidation 


Mn(II) salts are oxidized to permanganic acid (HMnO,) by potassium or ammonium 
peroxodisulfate (К,8,0,, or (NH,),S,0,) in 2-3 № HNO, or H,SO, medium in presence of 
small amount of Ар” which acts as a catalyst. 


2Mn^* «58,0; * 8H;0 э 2MnO, +10 504  16H* 
The Mn(Il) solution should be dilute («0.02M), otherwise MnO, may be precipitated. 
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Chloride, bromide, iodide should be absent. If halides are present, the solid sample should 
be digested with à few drops of conc. H,SO, to remove the halides. Other reducing agents, 
if present, may reduce МпО to Mn?*, which in turn is oxidized back to MnO, by 5,0. 
So the oxidant, S,O;^ should be added in little excess. i 
Place а drop of the test solution (or а small amount, <0.1 g of the solid sample) in a micro 
crucible or п a semi-micro test tube, add —1 т/ of 2-3 N HNO, ог H,SO, and a drop of 
0.1M silver nitrate solution. Heat the mixture to boiling and add a few mg. of solid К,5,0, 


Lor, (МН), 5,04] to the hot solution. A purple colour due to HMnO, appears immediately 
if manganese is present. 


Simultaneous detection of Mn and Cr 

If chromium (III) salts, are present, these are oxidized to orange coloured dichromate 
(Ст057) ion, which of course does not interfere as its orange colour is often masked by the 
purple colour of permanganate. 

Add a few crystals of oxalic acid to the purple coloured solution obtained after peroxo 


disulfate oxidation. The purpole colour of MnO; ion is discharged. If chromiun is also present, 
an orange colour pessists in the solution. 


(3) Sodium bismuthate (NaBiO,) oxidation 

Mn (11) salts are oxidized by sodium bismuthate (NaBiO,) in dilute (2-3 №) HNO, or H,SO, 
medium to purple coloured permanganic acid at ordinary temperature. Cr(III) salts, if present, 
are also oxidized to orange coloured dichromate (Cr,O$" ), but the reaction is slow at ordinary 
temperature, Rate of Cr(III) oxidation may be further lowered by carrying out the oxidation 
at lower temperature (—15*C). 

2Mn2* + SNaBiO, + 14H* ә 2MnO, + SBP* + 5М№а? + 7H,0 

Place | drop of the test solution on a spot plate, add | drop of conc. HNO, and then a 

small amount of sodium bismuthate, Stirr the mixture with a glass rod for 1-2 minutes. The 


purple colour of permanganic acid appears if manganese is present. 
If the solution is intensely dark coloured, dilute the mixture with sufficient water, so that 


the purple colour is recognisable. 
Note: Permanganate may be tested from decolourization of its pink colour by (i) oxalic 


acid, (ii) Mohr's salt (111) Н,О,, (iv) HCI. 
Limit of identification : 0.1y of Mn 
Limit of dilution: | : 5*10° 


(4) Test with silver-ammine salt 
Reagent: To | ml of a saturated solution of silver nitrate add drops of conc.NH, until the 
precipitate that is initially formed, passes into solution. 
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Mn (II) salts are oxidized to black manganese dioxide by ammonical silver nitrate solution. 
Silver ammine complex, Ag(NH,),” ion, is reduced to finely powdered black metallic silver. 
This test may also be applied for detection of silver and ammonium salts (cf. p.238, 343), 

Mn?' + 2[Ag(NH,)3] + 40H- — MnO,} + 2Ag°} + 4NH,T + 29,0 


The test may be applied in presence of Al (III), Cr (III), Ре), Co(II), Ni (II), Zn (II), 
Hg(1I), Pb(II) and Bi (III) salts. Sensitivity of the test is, however, low if the metal ions which 
form sparingly soluble coloured hydroxides in ammonical medium are present. 

Place | drop of the ammoniacal silver nitrate solution on a drop-reaction paper and allow 
the spot to dry. Add 1 drop of the test solution on the reagent spot. A black spot is formed 
if Mn(II) salt is present. 

Always run a blank test, since ammoniacal silver nitrate solution is slightly reduced to 
black metallic silver by the filter paper used for the test. 

Limit of identification: 0.05y of Mn 
Limit of dilution: | ; | x 10° 

(5) Benzidine blue test 

Reagent: Dissolve 0.05 g of benzidine in 10 ml of glacial acetic acid, dilute to 100 ml 
and filter if necessary. Use the clear filtrate for the tests. 

If precipitated manganous hydroxide is exposed to air, it is readily oxidized to hydrated 
manganese dioxide by oxygen of the air: 

2Mn(OH), + О, — 2MnO(OH), 
Hydrated manganese dioxide oxidizes benzidine (1) to benzidine blue, which is an 


association compound of benzidine (1) and its oxidation product (2) along with 2 equivalents 
of a monoproticacid (cf Sect 4.4), 


Om н 


(1) (2) 
MnO(OH),(s) + 2H* + 2e 5 Mn(OH),(s) + H,O 


Place | drop of the test solution on a drop reaction paper, add | drop of dil.NaOH solution 


(0.05 N) and | drop o benzidine reagent. Add a crystal of sodium acetate if necessary. Blue 
spot results at places where manganese dioxide is formed. The intensity of the blue colour 


depends upon the manganese content. The blue colour disappears on drying the paper, but 
reappears on addition of the benzidine reagent, 


Other substances that can oxidize benzidine to benzidine blue, аге Сг02-, Cr,02”, 
[Fe(CN y], Со(Ш), Ag(!), (TII), Ce(III & IV)).* Fe(III) may be rendered harmless by 
complexing it with Na-K tartarate, Се(11, IV) maybe removed by boiling the test solution for 
*Rare elements 
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some time with calcium fluoride (CaF 2), when cerium fluoride is precipitated on the unchanged 
CaF,. Benzidine blue test maybe applied on the clear solution obtained after centrifugation, 
Copper may be separated as CuSCN, which may be removed by centrifugation. Ag(I), TI(I)* 
maybe separated as their chlorides. Chromate may be removed as barium chromate. 
Limit of identification : 0.15y of Mn 
Limit of dilution : | : 3.3 x 105 
(6) Catalytic oxidation to permanganate in alkaline medium 
When Мп(11) salts are oxidized to MnO, by hypobromite (OBr-) ion in alkaline medium 
according to, 
Mn** + BrO- + 20H- + MnO,4 + H,O + Br 


if traces of a copper (11) salt is present, Cu(II) is oxidized by BrO- ion to Cu(IIl), 
which catalyzes the oxidation of Mn** to MnO, by alkaline hypobromite. 


2Mn** + SBrO- + 60H” — 2MnO, + SBr + 3H,0. 
With alkaline hypobromite, Cr(III) salts are oxidized to со”. Other metal ions which 


from insoluble hydroxides do not interfere. 

If МП) and Co(II) are suspected, the amount of Cu(II) to be added to the test solution 
should be excess over the quantity of Ni or Co, before treating with hypobromite. 

Take 3-4 drops of 1% CuSO,.5H,O solution in a test tube, add | drop of the test solution 
and 8-10 drops of 0.1 N sodium hypobromite solution. Boil the mixture for a few minutes. 
The supenatant liquid becomes red-violet if manganese is present. 

Limit of identification : 2.5y of Mn 
Limit of dilution : | ; 2.5 х 10° 


(7) Test with periodate and tetrabase: Catalytic reaction of manganese 


Mn(II) salts are oxidized to permanganate by sodium or potassium periodate in acetic acid 

medium: | 
2Mm?* + 510, + 3H,0 > 2MnO, + 510; + 6H* 

Large quantities of Mn can be detected from the purple colour of permanganate. For the 
detection of trace quantities of Mn, small amount of tetrabase (tetramethy I-p-diaminodiphenyl 
methane, fetrabase) maybe added, which is oxidized by permanganate to an intense blue 
oxidation product, that enables the detection of smaller quantities of Mn. MnO, is reduced 
by tetrabase to Mn?* salt, which is reoxidized to MnO,” by IO," ion, This makes the reaction 
catalytic, Chromium salts interfere in this test and should be absent. Cr (III) salts are oxidized 
by periodate to Cr (VI) state, which also oxidizes tetrabase to a blue coloured product. 

Limit of identification: 0.0014 of Mn 
Limit of dilution: | : 5 х 10 





*Rare element 
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4.17 Reactions of Zinc (Zn!) 

Indication 

(1) Dry test tube heating 

When solid Zn(II) salts are heated in a dry test tube, the salts decompose to form zinc 
oxide, which is yellow when hot but white when cold. Zinc oxide undergoes crystal defect* 
when heated and its normal structure is restored when cooled. 

(2) Rinmanns green test 

Zinc compounds when heated with cobalt nitrate in presence of charcoal, а green residue 
of mixed oxide, CoZnO, (= CoO.ZnO) is formed, which is green in colour and is known as 
Кіптапп 5 green. 

Soak a piece of ashless filter paper (Whatman No. 41) in a Zn(II) salt solution, add | 
drop of cobalt nitrate and ignite the paper in a porcelain or a silica crucible or in a platinum 
wire coil. А green residue is formed if Zn is present. 

Reactions of Zn** ion in solution 

(1) Sodium hydroxide solution (-2M) 

Take | ml of weakly acidic or neutral test solution and add drops of NaOH solution (—2M). 
A white precipitate of zinc hydroxide first appears, which dissolves in excess of alkali, producing 
zincate, Zn(OH); or (21057) ion, due to amphoteric nature of zinc hydroxide. The precipitate 
of Zn(OH), reappers on acidification and redissolves on addition of excess acid. 

Zn^* + 20H- #* Zn(OH),+ 
Zn(OH),(s) + OH- + H,O = [Zn(OH).(H40)'] 
Zn(OH),(s) + 20H- = [Zn(OH)7-] 
[Zn(OH)?] + [2005] + 2H;0 
[Zn(OH);] + 2H* = Zn(OH),+ + 2Н,0 
Zn(OH),(s) + 2H* = Zn** + 2H,0 


(2) Aqueous-ammonia solution 


To 1-2 drops of the weakly acidic to a neutral test solution add 1 drop of (1:1) ag-NH, 
solution. A white precipitate of Zn(OH), appears. 
Zn?* + 2NH, + 2H,O — Zn(OH),+ + 2NH,* 
The precipitate is not formed if ammonium salts are present. The precipitate dissolves on 





* ZnO loses O, reversibly at high temperature leaving the electrons of the oxide ions 
(O?-) in the interstices (metal excess Frenkel defect): ZnO = 202° + МО, + 2e. Excitation of these 
idu ils dibus 1o higher energy. Жу. sity cur ОП она of radiadon ia der Vibe ГЕЙ, 
as a result, ZnO appears yellow when hoi. On cooling, the oxygen atom returns to its site and the material 
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addition ol ammonium salts, or excess ammonia, due to the formation of tetraammine zincate 
(11) complex ion. 


Zn(OH) (5) + 4ANH,* = [Zn(NH,)7*] + 2H,0 + 2H* 
Zn(OH) (5) + 4NH, = [Zn(NH,)}*] + 20H- 
(3) H,S-water 


When acidic (>0.5M) solution of Zn(ID) is treated with H,S-water, no observable change 
takes place. But treatment of neutral or weakly acidic (pH~3) solution of Zn(II) with Н,5- 
water gives white precipitate of zinc sulfide: 


Zn" + Н,5 s* 2054 + 2H" 
ZnS is also precipitated when Zn** is treated with H.,S-water in presence of sodium or 
ammonium acetate or on addition of H,S-water to alkaline solution of zincate ion: 
Zn** + Н,5 + 2CH,COO- + 72154 + 2CH,COOH 
(Zn(OH)7-] + Н,5 — ZnS4 + 2H,0 + 20H- 
Precipitated ZnS is soluble in dil.HC! but insoluble in acetic acid and in dilute alkali. 
(4) Ammonium sulfide solution 


When weakly acidic or neutral solution of Zn(II) salt is treated with colourless ammonium 
sulfide solution, white precipitate of zinc sulfide appears. The precipitate is colloidal in nature, 
but coaugulates on boiling with ammonium salts. 


Zn** + S?- -> ZnS4 
The precipitate is soluble in dil. HCl, but insoluble in acetic acid, ammonia and ammonium 
salt solutions. 


(5) Disodium hydrogenphosphate solution (0.033M) 

Treatment of Zn(II) salt solution with disodium hydrogenphosphate in presence of 
ammonium salts, produces white crystalline precipitate of ammonium zinc phosphate, whereas, 
in absence of ammonium salts, simple binary phosphate is precipitated: 


Zn?* + NH,* + HPO; — (NH,)ZnPO,) + Н" 
3Zn" + 2HPOZ — Zn,(PO,),) + 2H" 
Both the phosphate precipitates are white in colour and are soluble in dilute mineral acids. 
In concentrated ammonia, both the phosphate precipitates dissolve due to the formation of 
[Zn(NH,)2"] complex ions: 
(NH,)ZnPO, + 3NH, — [Zn(NH,)}*] + HPO? 
Zn,(PO4), + 12NH, -> 3[Zn(NH,)j*) + 2POj 
(NH,)ZnPO, + Н? — Zn?' + NH; + HPOj 
Zn,(PO,)) + 2H* э 3Zn** + 2HPOT 
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(6) Potassium ferrocvanide K,[Fe(CN),] solution (0.033M) 

In neutral of or weakly acidic (pH ~5) solution Zn(II) salts react with potassium 
ferrocyanide to form white precipitate of zinc ferrocyanide, Zn,{Fe(CN),], which reacts with 
the excess reagent to form much less soluble double ferrocyanide, potassium zinc ferrocyanide, 
KZn,[Fe(CN),]5. 

2ZnSO, + K,[Fe(CN),] — Zn,[Fe(CN),]+ + 2,50, 
3Zn,[Fe(CN),] + K,[Fe(CN),] ә 2K5Zn,[Fe(CN),],* 


The precipitate of potassium zinc ferrocyanide is insoluble in dilute acids, but readily soluble 
in caustic alkalt: 
K,Zn,[Fe(CN),], + 120H* — 2[Fe(CN)] + 3[Zn(OH)7-] + 2K* 


By this reaction, Zn(II) salts can be differentiated from АІ) salts. 


Confirmation 


It is convenient to perform confirmatory tests for Zn(II) with the zincate solution after 
acidification with acetic acid. 

Take a small amount («0.1 g) of the solid sample in а semi-micro test tube, add 1-2 ml 
of sodium hydroxide solution (-2 M) and boil gently for 2-3 minutes. If Zn(II) is present, 


it passes into the alkali solution in the form of zincate ion (Zn(OH) J^ or Zn05^ 1. If phosphate 


is present, add 1-2 drops of barium chloride solution until precpitation is complete and then 
add 1-2 drops of saturated sodium sulfate solution to precipitate unreacted Ba?* ion as BaSO,. 
Centrifuge and discard the residue. Acidify the centrifugate (which contain zincate ion) with 
acetic acid and perform tests for Zn(II) with this prepared solution. If phosphate is not present, 
simply acidify the NaOH extract with acetic acid and proceed with this solution. 

(1) Ammonium mercurothiocyanate-Copper sulfate reagent 

Reagent: 

(1) (NH, S[Hg(SCN),] (-0.3M): Dissolve 9 g. of NH,SCN and 8 g. of HgCl, in water 

and dilute to 100 тї. Allow to stand for 2-3 days, use the clear supernatant liquid. 

(п) CuSO,.5H,O : (-0.02M) : 0.5% solution in water. 

In dilute acetic acid medium, Zn** ion alone reacts with ammonium mercurothiocyanate, 
(NH), [Hg( SCN),], to form white precipitate of Zn(II) mercurothiocyanate: 

Zn** + (NH,),{Hg(SCN),] — Zn(Hg(SCN),]+ + 2NH,' 

Cu(H) salts alone do not form any precipitate with ammonium mercurothiocyanate. But 
if traces of a Cu(II) salt is present along with 2111), and the mixture is treated with ammonium 
mercurothiocyanate solution, Cu(II) - mercurothiocyanate coprecipitates with Zn(II) - 
mercurothiocyanate, and a violet (or, blackish purple) crystalline precipitate consisting of mixed 
crystals of (Zn(Hg(SCN),] + Cu[Hg(SCN),]) is formed. 

Cu? + Zn? + 2(NH,),[Hg(SCN),] =» (Cu[Hg(SCN),] + Zn[Hg(SCN),] 4 + 4NH,* 
Ег" Place 1-2 drops of ће prepared test solution of Zn(II) in dilute acetic acid оп a spot plate 
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add | drop of very dilute (—0.02M) copper sulfate solution and 2 drops of ammonium 
mercurothiocyanate reagent. Stirr with a glass rod. A violet (or blcakish purple) precipitate 
appears if Zn(II) is present. 

Alternatively, take 1-2 ml of the prepared test solution for testing of Zn(II) in a semi-micro 
test tube add | drop of dilute copper sulfate solution ( 40.02 M) and a few drops of ammonium 
mercurothiocyanate reagent. Shake and scratch the sides of the test tube with a glass red. A 
violet precipitate soon appers if Zn(II) is present. 

Add ~0.5 т! of iso ату! alcohol and shake. The violet precipitate collects at the interface 
between the aqueous and organic layers. 

Fel! may interfere by forming a blood red colouration, but it may be masked as 
[FeF}] complex by adding a crystal of NH,F or NH,HF, to the test solution. 

Limit of dilution: | : | x 10 

(2) Ammonium mercurothiocyanate-Cobalt nitrate reagent 

Zn(M) salts react with (NH,),[Hg(SCN),] reagent and give white precipitate of 
Zn[Hg(SCN),]). Cobalt (11) salts when react with (NH USIHg( SCN),], form a blue precipitate 
of Co[Hg( SCN),], but the reaction takes about 2-3 minutes time. When small amount of Zn(II) 
is present along with Co(II), a blue precipitate is immediately formed, due to coprecipitation 
of Co[Hg(SCN),] on Zn[Hg(SCN),]. 

Zn^* + (NH,),[Hg(SCN),] -> Zn[He(SCN),]+ + 2NH7 
Co** + Zn** + 2(NH,),{Hg(SCN),] — (Co[Hg(SCN),] + Zn[Hg(SCN),]& + 4NH,* 


Fel, if present, forms a blood red colouration with SCN- ion. On adding a crystal of NH F 
or NH, HF, to the test solution Ее!!! is masked as [FeF7] complex ion and the blood red colour 
is discharged. 

Place | drop of dilute cobalt nitrate solution on two adjacent cavities of a spot plate. Add 
2 drops of ammonium mercurothiocyanate reagent to each of the two cavities. Add ] drop 
of the prepared test solution to one of the cavities and one drop of water to the other. Stirr 
with two separate glass rods. If Zn(II) is present, the blue precipitate comes almost immediately 
after addition of the test solution. The other cavity (blank) requires much more tine (—2-3 
minutes) to form a blue precipitate. 

Limit of identification ; 0.2y of Zn 
Limit of dilution : | ; 2.5 х 10° 

(3) Ferrocyanide-ferricvanide-benzidine blue test 

Reagent: 

(i) Benzidine : Dissolve 0.05g of benzidine base or benzidine acetate in 10 mi of acetic 

and and dilute to 100 m/ with water and filter if necessary. 

(ii) Potassium ferricyanide (0.033 M): Dissolve ^1 g of K,[Fe(CN),] in water and dilute 

to 100 mi. 
(iii) Potassium ferrocyanide (0.033 M): Dissolve ~lg. of K,[Fe(CN),].3H.O in water and 
dilute to 100 mi. Keep away from light. 
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E? value of [Fe(CN)? l/TFe(CN y | redox couple is 0.36 volt. As such, [Fe(C Ny] can not 
oxidize benzidine (1) to benzidine blue (2) which 1s a meriquinoid oxidation product consisting 
of 1:1 mixture of the diamine (1) and its conjugate dimine (cf p.250). 


(1) (2) 


If Zn^' ion is added to an (1:1) equilibrium mixture of K4[Fe(CN),] and K [Fe(CN),], 
the formal potential of [Fe(CN); J/[Fe(CN)7"] couple increases (cf. Sect. 2.4) and becomes 
sufficiently higher than that of the benzidine-benzidine blue redox couple, because of removal 
of [Fe(CN)*"] ions from the system due to precipitation of sparingly soluble K;Zn;[Fe(CN),].. 


3Zn** + 2K,[Fe(CN),] > K.Zn.[Fe(CN),],* + 6K" 


As a result, benzidine ts oxidized to benzidine blue by ferricyanide [Fe(CN)?- ] ion. 

On two adjacent cavities of a spot plate, place | drop of benzidine plus 1 drop of methyl 
red indicator. Add drops (1:1) ag-NH, until methyl red indicator just turns yellow coloured. 
Add | drop of K.[Fe(CN),] and 1 drop of K,[Fe(CN),] solutions and a crystal of sodium 
acetate to each cavity. Now add ! drop of the prepared test solution of Zn(II) in dilute acetic 
acid to one of these cavities and a drop of distilled water to the other. A blue colouration 
appears almost at once in the test cavity if Zn(II) is present in the test solution. 

Metals such as iron, copper, [uranium, molybdenum]* which form coloured precipitates 
or colourations with ferrocyanide and ferricvanide ions and oxidizing agents that may oxidize 
benzidine to benzidine blue must be absent. 


(4) Dithizone (diphenylthiocarbazone) reagent 

Reagent (0.005%): Dissolve 5 mg of dithizone in 100 ml of ethanol. 

In acetic acid medium, dithizone (1) reacts with Zn?* ion to form a red coloured 
innermetallic complex (2), which may be extracted into chloroform, imparting a red colour 
to the organic laver. 


NH pt 
NH - NH - C.H, к= | 
sec” KA “ал 
i | | “к.м * 
N =N - C,H; EM 


(2) 


& 7 4 
* м. 
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Cu?*, Hes", Hg**, Ag’, Pd?*, Au, Pb?* interfere. Except Pb?*, interference due to the 
other metal ions may be eliminated if the test is carried out with NaOH extract of the sample, 
which contains Zn?^* as 2102 and РЬ2* as Phi b. The other metal ions are precipitated as 
their hydroxides, Subsequent treatments of the NaOH extract with BaCl, and sodium sulfate 
solutions precipitate phosphate if any as Ba.(PO,), and or Pb,(PO,), and excess Ba^* and 
Pb^ as BaSO, and PbSO, respectively, which may be removed by centrifugation. The 
centrifugate after acidification with acetic acid may be tested for Zn? (call this as the prepared 
solution of Zn^"). 

To | ml of the prepared solution of Zn?* in a semi-micro test tube, add | drop of the 
dithizone reagent, 0.5 тЇ of cholroform and shake. The organic layer assumes a red colour 
if Zn^' is present. This test is now a characterstic of Zinc (11) only. 

Limit of identification : 0.0253 of Zn 
Limit of dilution: | : 6 x 107 
4.18 Reactions of Barium (Ва!) 

Indication 

(1) Flame test 

Yellowish-green (apple-green) flame. If BaSO, is suspected, flame test should be applied 


after reducing the sulfate to sulfide by holding the sample at the tip of a Pt-wire in the reducing 
flame. 





Reactions of Ba?* ion in solution 
(1) Precipitation of BaSO, 
To | ml of the dil. HCl solution of the sample add | m/ of dil.H,SO, or 1 m/ of a saturated 
solution calcium sulfate and shake. Heavy white precipitate of BaSO, appears. 
Ba? + SO; = BaSO,+ 
Note 
(i) Sr?* and Pb?* also form similar white precipitates due to SrSO, and PbSO, respectively. 
(ii) On boiling with ammonium acetate, the precipitate of PbSO, passes into solution. 
(Difference from Ba?* and Sr’). 
(2) Precipitation of barium carbonate (BaCO,) 
To 1 ml of the test solution add | ml of saturated ammonium carbonate solution and a 
few drops of ag-NH, to render the solution ammoniacal, White precipitate of BaCO, appears. 
Ва2* + (NH,),CO, = BaCO,+ + 2NH,' | 
The precipitate of BaCO, is soluble in dil.acetic acid and dil. minaral acids (НСІ, HNO,). 
(3) Precipitation of BaCrO, 
To | ml of the neutral test solution add 1 m! of saturated potassium chromate solution 
and shake. Yellow precipitate of BaCrO, (pK... = 9.8) settles down. 
Ва?* + CrO} — BaCrO,+ 





Th precipitate is insoluble in dilute acetic acid (distinction from CaCrO, and SrCrO,), but 
soluble in dil. HCl or dil.HNO.. The precipitate is also insoluble in NaOH solution (distinction 
from PbCrO,) 

In presence of acid, СО ion disappears from the solution due to the formation of 
dichromate ion (Cr405^ ): 

CrO} + 2H* < 2HCrO, & СО” + HO 

As a result. only BaCrO, (pK, = 9.8) is precipitated, not SrCrO, and CaCrO, which are 
more soluble than BaCrO,. 

Confirmation 

(1) Test with sodium rhodizonate 


Reagent; 0.2% aqueous solution. 
Yellow solution of sodium rhodizonate (1) reacts with neutral solution of divalent heavy 
metals (M?*) ions to produce coloured precipitates of the metal rhodizonate complexes (2); 


O 
О O Na' О 0” 
+M” > № M^ + 2Na* 
О ONa* О " à 
v M = Ba. Sr. Pb M 
(1) (2) 


Pb^' gives blue fleck or ring. In presence of buffer solution of pH 2.8*, the precipitate | 
turns scarlet. Ba^* gives red-brown precipitate of barium rhodizonate which does not dissolve 
in dil HCI. Sr?" produces similar rhodizonate, but soluble in dil. HCI. Ca?* does not form 
insoluble rhodizonate. Deep colours of the rhodizonates of these non-transition metal ions are 
due to the presence of five conjugated double bonds in the anionic ligand. 
Place | drop of the neutral or weakly acidic test solution on a spot paper and dry it. Add 
1 drop of the reagent using a capillary dropper. A redish-brown spot is obtained if Ba?* is | 
present. | 
Treat the redish brown spot of barium rhodizonate with 1 drop of 0.5 M HCI, a bright- 
red stain is formed if Ba?* is present. If Ba** is absent, the spot disappears. | 
NB. (1) Filter paper strip impregnated with the reagent solution may be preserved in dark | 
after drying it over conc. H SO, in vacuo. Otherwise, finely divided rhodizonate is decomposed 
oxidatively. 
(2) It is convenient to precipate BaCO,, SrCO,, CaCO, by treating the test solution with 
ammonium carbonate in presence of NH,CI. Since BaCO, is more soluble than CaCO, and 
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= "Dissolve 1.9 g of sodium hydrogen tartarate and 1.5 g of tartaric acid in water and dilute to 100 mi. 
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SrCO;, if the precipitate is thoroughly washed and treated with sodium rhodizonate solution, 
a redish-brown precipitate is formed if Ва?* is present. CaCO, and SrCO, do not react under 
this condition. 

Limit of identification: 0.25y of Ba 

Limit of dilution: | : 2 x 10° 


(2) Detection of Ва?* in presence of Sr?* 


Precipitate carbonates of Ba** and Sr?* by treating | mi of the test solution with 1 mi 
of saturated (NH,),CO, solution. Wash twice by centrifugation. Place —0.1 mg of the washed 
precipitate of the carbonate mixture on a cavity of a spot plate, add | drop of 0.2% sodium 
rhodizonate solution and stirr with a glass rod. If the precipitate turns brownish-red, Ba 
s present. If brownish-red colouration of the precipitate is not observed, add | drop of dil.acetic 
acid (~IN) and stirr with a glass rod. If a red precipate or colouration appears, Ba^* or Sr^' 
or both are indicated. 


(3) Detection of Ba?* and $г?* 


Place | drop of 0.5% solution of sodium rhodizonate reagent on a spot paper (Whatman 
No. 1) and dry the paper. A yellow spot is formed. Add a drop of the neutral or weakly acidic 
test solution at the centre of the reagent spot using a capillary dropper. If Ba** or Sr^* or 
both are present a brownish-red spot is formed. To the resulting spot, add 1-2 drops of a 1:1 
mixture of a saturated solution of dimethylamine hydrochloride[( HC), NH.HCI] in water and 
95% ethanol. In presence of Ba?*, the colour of the spot changes to bright red. If Sr?* is 
present, the red-brown spot gradually transforms to blue-violet. 

If both Ba** and Sr** are present, the bright red spot due to Ba-rhodizonate becomes 
encirculed by a blue-violet ring of Sr-rhodizonate, which migrates to the periphery along with 
the reagent. 

Limit of identification : 0.5y of Ba 
Limit of dilution : | : | x 10 

(4) BaSO, - KMnO, mixed crystal formation 

When BaSO, precipitate is formed in presence of KMnO,, pink coloured mixed crystals 
of BaSO, - KMnO, settles down. Due to the absence of free MnO,' ion, the pink colour of 
the micro crystals are not affected by reducing agents, viz, H,O,, oxalic acid, Fe" salt, SO, 
-water etc. 

To | drop of the test solution in a small centrifuge tube add 3 drops of cold, saturated 
KMnO, solution and a few drops of dil.H,SO,. Stirr the mixture with a glass rod, centrifuge 
and remove the centrifugate using a capillary dropper. Add а few drops of SO,-water or H,0,. 
The violet colour of the supernatant solution is discharged but the purple colour of the BaSO,- 
KMnO, precipitate is distinctly visible against a white back ground. It is better seen using 
a magnifying glass. 

Limit of identification: 5y of Ba 
Limit of dilution: | : | х 10° 
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4.19, Reactions of Strontium (Sr!) 
Indication 


(1) Flame colouration : Carmine-red colour to the non-luminous flame. 


Reactions of Sr?* ion in Solution 
(1) White precipitate of SrSO, on treatment of the neutral or weakly acidic test solution 
with dil.H,SO,. 
Srt + H,SO, > SrSO,) + 2H* 
(2) White precipitate of SrCO, on treatment of the neutral test solution with saturated 
(NH СО, solution in presence of МН,СІ and ag-NH,. 


$?* + coi- » SiICOA 


(3) White precipitate of SrSO, appears on treatment of the neutral or weakly acidic test 
solution with saturated CaSO, solution. The precipitate of SrSO, on boiling with conc.solution 
of Na.CO,, is transformed into SrCO, as the solutbility product of SrCO, (pK, = 9.96) is 
less than that of SrSO (РК, = 6.6). 


SrSO,() + COZ «= SCO, + SOF 


(4) White precipitate of Sr-oxalate, SrC,O, appears on addition of saturated ammonium 
oxalate and aqueous - NH, to a neutral or weakly acidic test solution containing Sr?*. 


50+ + C01" > SrC,0,+ 


(5) Test with K,CrO, 

To | ml of the neutral test solution in a semi-micro test tube, add 1 т/ of saturated K,CrO, 
solution. Yellow precipitate of SrCrO, settles down immediately. Add a few drops of acetic 
acid, the precipitate passes into solution (distinction from Ba?*, since BaCrO, is not soluble 
in acetic acid). 

Confirmation 

(1) Sodium rhodizonate solution 


Reagent: 0.2% solution of sodium rhodizonate. 

Since both Ba?* and $г?* respond to this test forming redish-brown precipitate, so the test 
may be applied for detection of Sr^* only after removing Ba?*, as BaCrO, by treating the 
neutral test solution with a saturated solution of K,CrO,. Sr?* is also precipitated as SrCrO,. 
but unlike BaCrO, (pK = 9.93), it is appreciably soluble in water (pK, ~ 4.65) and also 
in dil.acetic acid. 

Place | drop of the test solution on a drop reaction paper impregneted with saturated K,CrO, 
solution, when yellow spot due to chromates of the metal ions present in the test solution are 
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formed on the paper. Dry the paper. Add | drop of an 0.2% aqueous solution of sodium 
rhodizonate on the yellow spot. A brownish-red flake or a ring is formed if Sr?* is present. 


Limit of identification : 3.9y of Sr, 
Limit of dilution : | : 12,800, in presence of 80 times the amount of Ba. 


4.20. Reactions of Calcium (Ca!!) 

Indication 

(1) Flame colouration 

Transient yellowish red (brick-red) colouration is imparted on the non-luminous Bunsen 
Пате, if Ca?* is present. If SO; is suspected, flame test is to be applied after reducing SO;- 
to S?-. For this purpose, moistent the Pt-wire with conc.HCl and adhere a small amount of 


the sample to it, Hold the tip of the Pt-wire containing the sample in the reducing zone of 
the Bunsen burner for a few minutes (cf. Fig. 6.1). Unburnt carbon, present in the reducing 


flame, reduces 5047 to 52, Moisten the Pt-wire again with conc. HCl and hold the same in 


the non-luminous zone of the burner and observe the colouration. Repeat the whole operation 
in а number of times before making the final conclusion. 


Reactions of Ca?* ion in solution 
(1) Precipitation with ammonium carbonate solution 
To | mi of the neutral test solution add | mi of saturated (NH 4ЉСО; solution. White 


precipitate of CaCO, appears. Ba** and Sr^* also give similar precipitates. 


Ca?* + (NH,),CO, = СаСО, + 2NH,* 


(2) White precipitate with ammonium oxalate 

To | ml of the neutral or weakly acidic test solution add | m/ of saturatd ammonium oxalate 
solution and a few drops of ag-NH, to render the solution ammoniacal. White precipitate of 
calcium oxalate (CaC4O,.H.,O) appears. 


Cat + Goi -> CaC,0,+ 
The precipitate is insoluble in acetic acid, but soluble in mineral acids (HCl, HNO). 


Confirmation 

These tests should be conducted with the precipitate of carbonates (of Ca?*, Sr^*, Ва?" 
if present) obtained on treatment of the neutral test solution with ammonium carbonate 
solution. Dissolve the precipitate of carbonates in dil. acetic acid and perform the following 
tests. 


| 333 | 





(1) Test with potassium ferrocyanide or ammonium ferrocyanide solution (0.025 M) 
Са?* forms insoluble mixed K"Ca?* - ferrocyanide or NH , Са?" - ferrocyanide when treated 
with these reagents. 
Ca^* + K,[Fe(CN),] — K,Ca[Fe(CN),]* + 2K° 
Ca?* + (NH,),[Fe(CN),] — (NH) Ca[Fe(CN),]* + 2NH; 


Ca** may be distingnished from Sr^* by this test, but Mg^* and Ba?" interfere. Unlike 
these mixed ferrocyanides, pure alkali or alkaline earth metal ferrocvanides are soluble in water. 
Place a drop of the test solution on a small watch glass and add a few drops of ammonium 
ferrocyanide (or potassium ferrocyanide and ammonium chloride solutions). Add 1-2 drops of 
ethanol to this mixture and stirr with a glass rod. In presence of Ca^, a crystalline precipitate 
(or cloudiness) of mixed ferrocyanides appears. The precipitate maybe clearly visible on placing 
the watch glass on a glazed black paper. 
Limit of identifiation : 25y of Ca 
Limit of dilution : | : 2500 (on watch glass), | : 1 х 10° (in miro test tube). 


(2) Microscopic test on calcium sulfate dihydrate (CaSO,.2H,0) 


Take a few drops of the test solution on a watch glass and place the same on a hot water 
bath, Evaporate the solution to dryness and then dissolve the residue in 1-2 drops of water. 
Transfer the solution to a microscope slide and add a minute drop of dil.H,SO, using a capillary 
dropper. If no precipitate is formed, warm the slide on the hot water bath until crystallization 
starts at the edges. Examine the crystals with a microscope (magnification 110x). Bundles of 
needle shaped or elongated prism like crystals will be visible if Ca2* is present. 

Limit of dilution: | : 6000. 


(3) Sodium dihydroxytartarate osazone 
(i.e, Na-salt of succinic acid-dioxo-2, 3 - bis phenylhydrazone) reagent 


Aqueous solution of the sodium salt of the osazone of dihydroxytartaric acid (1) forms 
bright yellow flocculent precipitate with alkaline earth metal ions. The reagent is specific for 
Са?* if metal ions except Na*, K*, and NH,* ions are absent. Small quantity of Mg?* does 
not interfere. The solid reagent provides a very sensitive test for Ca?*. Although various 
structures may be written for the metal complexes of (1), polymeric structures (2 and 3) appear 
more likely. 
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Place | drop of the neutral test solution on a small watch glass and add several grains 
of the reagent powder to it. Stirr with a glass rod. Place the watch glass on a black paper. 
The reagent dissolves completely within a few minutes. Initially a fine skin like appearance 
covers the drop and finally a dense yellow precipitate is formed depending upon the amount 
of Ca?* present. 

Run a blank experiment with distilled water instead of the sample solution. 

Limit of identification: 0.01у of Ca 
Limit of dilution: | : 5 x 10° 

(4) Test with sodium rhodizonate reagent | 

Neutral solution of Ca?* does not form any precipitate with sodium rhodizonate (1), but 
in basic solution, a violet precipitate is formed due basic calcium rhodizonate (2). Calcium 
sulfate responds to this test due to its higher solubility than barium and strontitum sulfates. 
However, the test can not be applied with CaCO,. On the other hand, BaCO, responds to this 
test due to its higher solubility than CaCO,. 


О | О 
O ONa* О О ОН 
+2Ca’*+20H — — m 
О О + 2Na' 
(1) (2) 
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The following procedure may be followed if Ba^*, $г2* and рь” salts are absent, 
Place a drop of the neutral or weakly acidic test solution on a cavity of a spot plate. Add 
a drop of freshly prepared 0.2% sodium rhodizonate solution and one drop of 0.5 M NaOH 
solution. Mix the solutions by blowing briefly through a dropper. A violet precipitate is formed 
if Ca?" is present. Run a blank experiment using the same volume of distilled water in place 
of the test solution 
Limit of ientification ; ly of Ca 
Limit dilution: | ; 5 x 10° 
(4a) Detection of Ca?* in presence of Sr^* and Ba?* 
Solubility of CaSO, > SrSO, > BaSO, 


PK, 462 660 997 


Taking advantage of higher solubility of CaSO, over those of SrSO, and BaSO,, sodium 
rhodizonate test in alkaline medium may be applied on the sulfates to detect Са?” in presence 
of Sr* and Ва?“ 

Take 1-2 drops of the test solution (obtained by dissolving the carbonate precipitates in 
dil. HCI) in a silica crucible (or its lid) and evaporate to dryness. Add ~0.5 g of ammonium 
sulfate and heat the mixture inside a FUME CUPBOARD initially gently and finally strongly 
to drive off the white fumes due to ammonium sulfate completely. Cool the mass and treat 
it with a drop of 0.2% sodium rhodizonate solution and a drop of 0.5 M NaOH solution. 
In presence of Ca**, the white precipitate of sulfate is tinted more or less violet. 

Large quantities of Ba?*does not interfere. SrSO, in mixture with BaSO,/CaSO, may be 
detected by this technique using a neutral solution of sodium rhodizonate, when a violet 
colouration 1s observed. 

The following comparison maybe useful in studying the properties of CaSO,, SrSO, and 
BaSO, towards neutral and basic solution of sodium rhodizonate: 


Na-rhodizonate Na-rhodizonate * 0.5 M NaOH 
(neutral) (basic) 
CaSO, No response Positive test (violet precipitate) 
SSO, Positive test (violet colouration) No response 
BaSO, No response No response 


If Pb^' is present, it may be removed from the mixture as follows: 


(1) Treat the original neutral test solution with H,S-water, to precipitate lead as PbS (black) 
completely. Centrifuge and discard the precipitate. Expel H,S by boiling inside a FUME 
CUPBOARD (test with lead-acetate paper). Now, precipitate the carbonates by treating with 
NH,CI(NH,),CO,-NH, and proceed for the rhodizonate test as described above, 

(ii) After precipitation of the sulfates, centrifuge and discard the centrifugate. Boil the 
mixture of sulfates with 6M ammonium acetate solution. PbSO, passes into solution leaving 
behind CaSO,, SrSO, and BaSO,. Centrifuge and discard the centrifugate. Repeat the operation 
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to remove lead completely (until the centrifugate does not form any yellow precipitate with 
5% KCrO, solution). Wash the precipitate with water by repeated centrifugation, Proceed as 
before for the rhodizonate test. | 

4.21 Reactions of Magnesium (Mg!) 


Reactions of Mg?* ion in Solution 


For Magnesium there is practically no indicative test, that could be applied on the solid 
samples, However, some indicative tests may be applid to the aqueous or dil. HCl solution of 
Mg“ salts. These tests may be applied if phosphate is absent. 

(1) Ammonium carbonate solution 

To 1-2 drops of the sample solution, add 2-3 drops of ammonium carbonate (1 М) solution 
and shake. A white precipitate of basic magnessium carbonate is formed. 


SMg”* + &cOT- + 7Н,0 — 4MgCO, Mg(OH), 59,04  2HCO, 


Now perform the same test in presence of NH,CI (~0.1g). No precipitate is formed. Due 
to the equilibrium, 


NH,' + CO} NH, + HCO, 


concentration of CO; ion is depressed and the solubility product of the precipitate 1 
not exceeded [PK p of pure MgCO, = 5] 


(2) Phosphoric acid-Oxalic acid-Sulfuric acid (POS) reagent 


This reagent may be added to remove the metal ions other than Мр?“ from the test solution. 

To 1-2 ml of the test solution in a semi-micro test tube, add equal volume of the reagent 
solution. If Fe" is present oxidize it to Fe"! by adding а few drops of H,O, or Br,-water 
Neutralize the solution with 1:1 aqueous-NH, solution to a just yellow and then to just red 
of methyl red indicator with very dilute HCl. Add an equal volume of ammonium acetate- 
acetic acid buffer (pH ~4-5) and boil gently for 2 minutes. Cool, centrifuge and reject any 
precipitate а! this stage. 

Note: At this stage metal ions which form sparingly soluble phosphates at pH (4-5) and 
those form insoluble sulfates and oxalate, if present, are precipitated. 

Take the clear centrifugate in a porcelain basin or in a semi-micro beaker (10 m/). Heat 
on an asbestos board to evaporate the solution to dryness. Cool and add 1-2 drops of conc 
HNO, to the dry residue. Heat gently inside a FUME CUPBOARD to decompose the 
ammonium salts completely. Cool and take up the residue if any with 1-2 drops of water. Add 
drops of 1:1 ag-NH, solution until ammoniacal and then 1 drop of Na HPO, solution if 
necessary. White crystalline precipitate of NH,;MgPO,.6H,O appears on stirring with a glass 
rod, if Mg?* is present, 

Mg + NH, + HPOJ- + 6H,O — NH, Mg PO, 6H,04 
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Confirmation 
These tests may be applied directly on the aqueous extract obtained after removal of other 
metal ions by the POS reagent and decomposition of the anmonium salts by heating with HNO.. 


(1) 8-Hydroxyquinoline (Oxine) reagent 

Reagent: 2% solution of the reagent in acetic acid. 

To | ml of the test solution add a pinch («0.1 g) of NH,CI and heat to boiling. Add 1- 
2 drops of the oxine reagent (1) solution and sufficient (1:1) aq-NH, to render the solution 
ammoniacal. Heat to boiling, A yellow precipitate of magnesium oxinate (2) 
Mg( C;H,ON),.4H4O appears. 


(^) + Mg” + NH, ә Ф + NH,’ 
N | 
ОН 


0—Mg/^2 
(1) (2) 
Note: Metal ions other than Ма” and К” must be absent. 


(2) Test with Magneson-I or Magneson-Il reagent 


Reagent: 0.001 g of the dye (Magneson | or II) is dissolved in 100 m! of 2 M NaOH 
solution. 
The Magneson reagents (1 and 2) are: 


4-(4-Nitrophenylazo)-resorcinol 4-(4-Nitrophenylazo)}-ct-napthol 
(Magneson-l) (Марпеѕоп-11) 
(1) (2) 


Both these azo dyes are red to red-violet coloured in alkaline solution. These are adsorbed 
by precipitated Mg(OH), to produce deep blue adsorption products. 

Place 1-2 drops of the test solution in a spot plate, add 1-2 drops of NaOH (-2M) solution 
and | drop of the alkaline solution of the reagent (Magneson-I or Magneson · Il) According 
to the Mg?” content, a blue precipitate or а colour change from red-violct to blue is observed. 

Limit of identification: (ү of Mg): 0.5 (with 1) and 0.19 (with 2) 
Limit of dilution : V : 1 * 105 (with 1) and 1 : 2.6 x 105 (with 2) 
(3) Test with Quinalizarin reagent | 
Reagent: 0.05% solution in NaOH ог 0.01-0.02% solution in ethanol. 





Alkaline solution of quinalizarin (1, 2, 5, 8 - latrahydroxyanthraquinone, 1) forms a blue 
precipitate or cornflower blue colouration with magnesium hydroxide. 


HO OH 
м 
M 
Lp * 
OH о он oM мал 98 
OH OH 
XXX + wom = COS 
OH О via iid 
Quinalizarin Mzg"-quinalizarin lake 
(1) (2) 


The coloured product (2) is а magnesium hydroxide-quinalizarim lake (an adsorption 
compound of Mg(OH), and the dye stuff). 

Note: Alkaline earth metals and aluminium, phosphate and metal ions forming sparingly 
soluble phosphates in alkaline medium should be absent. Large amount of ammonium salts 
decrease the sensitivity of the test. 

Place a drop of the test solution and a drop of distilled water in two adjacent cavities of 
a spot plate. Add 2 drops of the quinalizarin reagent solution to each cavity. If the test solution 
is acidic, a yellowish-red colour appears. Add drops of 2M NaOH until the colour changes 
to violet, and then a few drops more. A blue precipitate or colouration appears if Mg?” is 
present. The blank shows a blue-violet colour. 

Limit of identification: 0.25y of Mg 
Limit of dilution : | : 2 х 10° 

(4) Titan vellow test 

Reagent: 0.1% solution in water. 

Mg(OH), forms a deep red coloured adsorption product with the water soluble dye stuff, 
thiazole vellow-G (titan yellow). Depending upon the amount of Mg**, a deep-red colour or 
а red precipitate is formed. 


dei me =N-N — 
B 





N.B.: Ba** and Ca** do not form any precipitate with the reagent, but only intensify its 
colour, Elements, forming sparingly soluble sulfides and phosphates should be absent, 
Place a drop of the test solution and a drop of distilled water on two adjacent cavities 
of a spot plate. Add a drop of the reagent solution and a drop of 2M NaOH to each cavity. 
А red colour or a red precipitate is produced if Mg? is present. The blank shows yellow colour 
only, 
Limit of identification : \.5y of Mg 
Limit of dilution : | : 3.3 x 10° 


(8) Test with alkali metal hypoiodite (NaOI) 

Reagent: |N iodine in 20% KI solution. 

When Mg(OH), is precipitated from a solution containing free iodine, a brown-red 
adsorption compound between Mg(OH), and I, precipitates. If to a solution of l, in aqueous 
KI solution, a dilute solution of NaOH ts added, 1, undergoes disproportionation to form 
hypoidite (107) and iodide (17) ions and the following equilibrium is established with 
decolourization of l, colour: 

і, + ОН = Г + 10° + HO 


If this decolourised IO7/T- equilibrium mixture is treated with a Mg?” salt solution, OH 
ions are removed from the solution due to precipitation of Mg(OH), and the above equilibrium 
shifts to left liberating iodine which forms a brown-red adsorption compound with precipitated 
Mg(OH). 

Place | drop of the neutral or weakly acidic test solution on a spot plate and add one 
micro drop of -1 M KOH or NaOH or saturated lime-water using a capillary dropper, followed 
by a micro drop of iodine solution. Stirr the mixture with a glass rod. The solution should 
be brown. Add more iodine solution if necessary. Wait for | minute and add more alkali solution 
until the solution becomes lemon yellow. In presence of Mg?*, brown flakes of 1, ... Mg(OH), 
adsorption compound will be clearly visible in the yellow solution, Run also a blank test. 

Limit of identification: 0.3y of Mg. 
Limit of dilution: | : 1.65 x 10° 


4.22 Reactions of Sodium (Na*) 
Indication 
(1) Flame colouration 
(1) Golden yellow through naked eye. 
(ii) Invisible through double blue glass. 
Confirmation 
(1) Zincuranylacetate reagent 
Reagent: Dissolve 10 g of vranylacetate by warming with 6g of 30% acetic acid, then dilute 
the solution to 50 m? (solution-4). Dissolve 30 g of zinc acetate in 3g of 30% acetic acid 
by stirring and warming and then diluting to 50 ml (solution-B). Mix solutions A and В and 


1.340 | 








warm gently to obtain a clear solution. Add a minute quantity of sodium chloride and stirr. 
Cool the solution to room temperature and allow to stand for 24 hours. Filter through a Whatman 
No 42 filter paper. Use the filtrate for the tests. The reagent keeps indefinitely. 

To a drop of the neutral clear test solution, placed on a spot plate or on a watch glass, 
add 8 drops of the zincuranylacetate reagent and stirr with a glass rod. Yellow turbidity or 
crystallise precipitate appears, due to the formation of sodium zincuranylacetate, 
NaZn(UO, ).(CH;COO),.9H.0. 


Limit of identification: 12.5y of Na 
Limit of dilution : | : 4000 


4.23. Reaction of Potassium (К?) 


Indication 
(1) Flame colouration 
(1) Violet through nacked eye. 
(ii) Red through double blue glass. 


Confirmation 

(1) Sodium cobaltinitrite test 

Place a drop of the neutral or acetic acid test solution on a spot plate, add а small amount 
of finely powdered sodium cobaltinitrite and stirr with a glass rod. Yellow precipitate or turbidity 
due to potassium cobaltinitrite appears. 


Na,[Co(NO,),] + 3K*  3Na* + K.[Co(NO,),]+ 


Interference: NH,* ion gives similar precipitate. Ammonium salts, if present, should be 
removed by evaporating the solution to dryness and then heating the resulting dry mass with 
one drop of conc.HNO, іп a FUME CUPBOARD. The resulting mass is to be taken up with 
water and neutralized with sodium acetate. 

Limit of identification: 4y of K 
Limit of diluton: | : 12,500 


(2) Sodium cobaltinitrite-Silver nitrate test 

Note: This test is much more sensitive than the sodium cobaltinitrite test, but both 
ammonium salts and halide ions must be absent. 

Place a drop of the neutral or acetic acid test solution on а spot plate and add a drop 
of 0.1 M silver nitrate solution. Centrifuge if any precipitate appears at this stage. Add a small 
amount of finely powdered sodium cobaltinitrite and stirr with a glass rod. Yellow precipitate 
of potassium-silver cobaltinitrite appears. 

2K* + AgNO, + Na4[Co(NO;),] > 3Na* + K,Ag[Co(NO;),]* + NO, 


Limit of identification : Vy of Ag. 
Limit of dilution : | : 50,000. 
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(3) Perchloric acid (HCIO,) or Sodium perchlorate (NaCIO ) 
To 1-2 drops of the test solution in а test tube add one drop of dil. HCIO, (~SM) or NaClO, 
(-1M) solution and shake. White crystalline precipitate of potassium perchlorate appears. 


K* + NaClO, > Nat + KCIO,4 


(4) Tartaric acid or sodium hydrogentartarate reagent 


Potassium hydrogen tartarate is sparingly soluble. 

Take 2-3 drops of the test solution in a semi-micro test tube and add 2-3 drops of sodium 
hydrogen tartarate, or, a (1:1) mixture of tartaric acid (-1 M) and sodium acetate (~1 M). Add 
equal volume of ethanol and shake well. White crystalline precipitate of potassium hydrogen 
tartarate soon appears. 


K* + H,[C)H,0,] > KH[C,H,0,]* + Н" 
K* + NaH[C,H,O,] > KH[C,H,O,]* + Na’ 
Ammonium salts yield a similar precipitate and must be removed by boiling with dil, NaOH 
solution, 
5. Sodium tetraphenyl boron reagent 
Place | drop of the neutral or dilute acetic acid test solution on a black spot plate or in 
a small watch glass kept on a black paper, add 2 drops of 2% aqueous solution of sodium 
tetrapheny! boron. White crystalline precipitate of potassium tetraphenyl boron soon appears. 
К” + [B(C;H;) > K(B(C,H,),]+ 
The precipitate is soluble in strong acid, alkalies and also in acetone, МНЦ”, Rb’, Cs", 
TI” salts interfere. 
4.24. Reactions of Ammonium (NH) 
Indication 


(1) White sublimate in dry test tube heating test. 

(2) NH, gas is evolved on heating the sample with solid Na,CO, or strong NaOH solution 
in a test tube. If a filter paper strip, moistend with colourless phenolphthalin indicator solution 
is held above the mouth of the test tube, the paper turns red, due to basic nature of NH, gas 
(Fig. 3.27, 3.28, 3.29a 3.30b). 


NH, + OH- + H,O + NH,T 
Confirmation 
(1) Nessler's reagent (alkaline solution of K,[Hgl,]). 
Procedure-1 
Mix a drop of the test solution with a drop of strong NaOH solution on a watch glass 
and transfer a drop of this reaction mixture (solution or suspension) to а spot test paper. Dry 
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the paper by holding it near a flame and add a drop of Nessler's reagent. A yellow to orange 
stain or ring is produced on the paper. 
NH,* + 2(Hgl77] + 40H- > HgO.Hg(NH,)I+ + ТГ + 3H,0 
Interference: All metal ions except Na* and К? interfere and must be absent. 
Procedure-2 


Place a drop of the test solution or a small amount (—0.1g) of the solid sample in a small 
test tube, add 1-2 drops of dil NaOH solution (~2M) and place the test tube in а hot water 
bath (Fig 3.1.5). Hold a small strip of filter paper spotted with a drop of Nessler's reagent 
inside the tube avoiding contact with the wall, using a hook made of a glass rod or a Pt-wire, 
for ~5 minutes (Fig 3.28a, 3.29a). The spot turns yellow. 

Limit of identification : 0.3y of NH, 
Limit of dilution: | : 6666 


(2) Litmus test 
Follow the proecdure as above (Proecdure-2) and hold a small piece of red litmus paper 
inside the tube (Fig. 3.28a, 3.292). The litmus paper turns blue. 
Limit of identification : 0.01у of NH, 
Limit of dilution: | : $ х 10° 
(3) Phenolphthalin test 


Follow the procedure as above (Procedure-2) and hold a filter paper strip moistend with 
colourless phenolphthalin indicator solution (Fig. 3.28a, 3.292). The indicator spot turns red. 


(4) MnSO, - AgNO, test 
Follow the procedure as Procedure-2 above and hold a filter paper strip spotted with а 


drop of MnSO, - AgNO, reagent to the issuing NH, gas (Fig 3.28а). А black spot is formed 
due to metallic Ag and Mn(IV) oxide: 
4NH, + Mn** + 2Ag* + 3H,0 > MnO(OH),+ + 2Ag°+ + 4NH,* 
Limit of identification : 0.05y of NH, 
Limit of dilution: | : 1 x 10° 
(8) p-Nitro benzenediazoniumchloride reagent 
Reagent: Dissolve | g of p-nitroaniline (p-O4N -C,H,-NH,, 1) in 25 ml of 2M НС! and 
dilute to 160 mf with distilled water. Cool in an ice- bath to ~5°C, add 20 mi of 5% NaNO, 
solution in water and shake until the precipitate dissolves, Keep in a cool and dark place (or 
in a dark coloured bottle), The reagent becomes turbid on keeping, but can be used after 
filtration. 
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Ammonium salts in presence of NaOH solution, react with p-nitrobenzenediazonium 
chloride (2) to produce a red colouration due to the NH,” - salt (3) of the diazonium compound. 


М =М СГ М=МОМН 
Hc 
55°С 
@) (2) * 


Place a drop of the neutral or slightly acidic test solution on a spot plate and add a granule 
of cacium oxide and then a drop of the reagent solution. A red zone appears around the calcium 
oxide. Run a blank test using a drop of water in place of the test solution. 

Limit of identification: 0.7y of NH,. 
Limit of dilution : | : 7.5 x 104 











CHAPTER - T 


Reactions of Anion Radicals 
алдас Rte Se Sere 


5.1 Introduction 


No systematic method has been developed for classification of the anion radicals into 
analytical groups like the cations. Anions may be broadly classified as class A and class B 


anions on the basis of their reactions with dilute hydrochloric or dilute sulfuric acid and 
concentrated sulfuric acid : 


Class A anions : Decompose with evolution of gases, which are in most cases the anhydrides 
of the corresponding acids for the oxy anions and hydracids or elemental gas molecules in 
case of halide and pseudo halide anions. Class A anions are again of two types : 

(1) Decomposed by dilute hydrochloric or dilute sulfuric acid : 

CO", HCO,-, S027, 5037, S?-, NO;, CIO-. 

(п) Decomposed by concentrated H,SO, : All anions of type (i) and halides (F^, Cl", 
Br. Г), NO;. ВОЗ, SCN, BrO,", Fe(CN)?- . Fe(CN); ^, MnO,” (Danger). ClO, (Danger). 

Class B anions : Characterised by reactions in solution involving precipitation and oxidation- 
reduction reactions: 

(i) Precipitated by specific reagents : SO?^, РОЈ”. AsO}, AsO}, 5102, CrOT , 

(п) Oxidized or reduced occasionally involving colour change : 


CrO; . Cr,O?^, МпО 7, MnO}. BrO;. 103. 


On the basis of their reactions in neutral solutions with zinc nitrate solutions, common 
anion radicals can be broadly classified into two groups : 

(i) Those form precipitate with Zn?*, 

(ii) Those do not form any precipitate with Zn**. 

Such classification enables selective detection of anions in unknown materials (cf. Sect. 
7.3). Reactions of individual anions leading to their indication, identification and confirmation 
will be discussed in this Chapter. 


5.2 Reactions of Carbonate (CO; ) and Bicarbonate (HCO,) 


Except the carbonates of alkali metals and ammonium carbonate, carbonates of most other 
metals are insoluble in water, but soluble in dilute mineral acids. Bicarbonates of most metals 


are soluble in water. 
Carbonic acid (H,CO,) is a weak diprotic acid in aqueous solution, 


Н,СО; = H” + HCO; pK} = 6.35 (25°C), 
HCO,- = H* + cox pk! = 10.33 (25°С). 
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Carbonates and bicarbonates are extensibly hydrolysed in aqueous solution. Bicarbonate 
ion being an ampholyte, forms a buffer solution of pH ~ 8.34, that is independent of its 
concentration. 


HCO,” = Н? + coc Kt 


HCO; +НСО æ Н,СО, + CO; KYKY 
sus reo] omo] і 
tee СО, ie [HCO; | | VI QUUM [coi | 
s pH = (оК + рК|') = 4(6.35+10.33) = 8.34 


Phenolphthalin indicator (рК, ~ 9.15) solution remains in its colourless ‘acid form’ in 
bicarbonate, On the other hand, carbonate ion gives a strongly alkaline reaction in water. 


H,O = Н? + OH KY 
CO?" + Ht =æ HCO; Kf 
^. Net reaction: COS + H;O = HCO,- + OH- K Kr 


*. [HCO4] = [OH] 


* 2- 
n KH k, = СО 1 IHY [он-] = (HYP (c0;] C- [HCO3]  [OH-]) 


[HCO;] 
| _ (coy) 


"tr Eee 
2pH = pK] + pK, + log[CO?] 
2 pH = УрКу + pK.) + 4log [COT]. 
If [COF] = 1M, pH = (1033 + 14.0) = 12.17 (strongly alkaline) 
If (СОЗ ] = 0.1M, pH = '4(1033 + 14.0) + % log 0.1 = 11.67 (strongly alkaline) 
Thus, phenolphthalin indicator assumes its alkaline, red colour in a carbonate solution. 
Hence, it is possible to differentiate between carbonate and bicarbonate on the basis of their 
reactions with phenolphthalin indicator solution. Free carbonic acid (Н,СО,) is not known, 
however, a saturated solution of CO, in water at | atm. pressure at room temperature is — 
0.03 M, which is weakly acidic. 


H,O + СО, = H,CO, = H* + HCO, pK? = 635 (25°С) 
^. [H*] = [HCO;] 





кн ІН ИНСО). [HP - 


^ — [H,CO  [H;COJ] 
) | 


— — ар 


(нр KP[u,co,] 


Д 


. pH A pk - М log [H,CO.] 


А x 6.35 ~ М log [0.03] = 3.94 


Indications 


(1) Action of heat 


Alkali metal carbonates melt on strong heating. Carbonates of other metals decompose on 
strong heating. 


МСО, — MO + CO, 
Bicarbonates in general decompose on heating. Alkali metal bicarbonates on heating, 
produce carbonate and CO,. 
2NaHCO, — Na,CO, + CO,T + H,07 
The residue (Na,CO,) on treatment with dil.HCI produces CO,. Other metal bicarbonates 
decompose to oxides on strong heating: 
M(HCO,), 2 MO + 2CO,7 + H,07 
The residue (oxides, MO) does not produce CO, on treatment with dil.HCI. 


(2) Dilute hydrochloric acid 
Both carbonate and bicarbonate decompose on treatment with dilute mineral acids (НСІ, 
HNO,, H,SO,), evolving colourless, odourless CO, gas, which tums lime-water (Са(ОН), | and 
baryta-water (Ba(OH),] turbid due to precipitation of calcium and barium carbonates 
respectively. 
CO? + 2H* > CO,T + H,O 
HCO, + H* » СО,? + Н,0 
CO,(g) + Ca(OH), — CaCO,+ + H,O 
CO,(g) + Ba(OH), =» BaCO,+ + H,0 
Take a small amount (— 0.2g) of the solid sample in a semi-micro test tube fitted with 
a delivery tube with unequal arms, doubly bent at right angles. In another test tube take | 
ml of lime-water or baryta-water. Add | m? of dil. HCI in the sample tube and fix the delivery 
tube with the help of a cork in such a way that its shorter arm does not make contact with 
the reactants, Whereas, the longer arm dips slightly into the lime (or baryta)-water solution 
(cf. Fig. 3.31). White preipitate of carbonates appear as soon as the CO, gas bubbles through 
the solution. 
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Continue passing the CO, gas. Gradually the white precipitate of carbonate disppears, due 
to the formation of bicarbonate, which is solute in water : 
MCO,(s) + CO,(g) + H,O > M** + 2HCO, 
(M = Ca, Ba) 
Reactions of Carbonate and Bicarbonate in solution 
(1) Barium chloride (or Calcium chloride) solution 
To a drop of the test solution in a semi-micro test tube add | drop of BaCl, (or CaCl,) 
solution. 
Carbonate : White precipitate of barium (or calcium) carbonate appears. The precipitate 
is soluble in dil. HCI, dil. acetic acid and also on passing CO, gas through the solution. 
со" + M* > МСО, } 
МСО, (5) + 2H* ^ М2* + CO,T + HO 
MCO,/s) + CO,(g) + HO — М?* + 2HCO," 
(M = Ca, Ba) 
Bicarbonate : No precipitation with BaCl, or CaCl, solution in neutral or weakly acidic 
solution, but white precipitate of carbonate appears on rendering the solution ammoniacal. 
НСО, + М2* + NH, > MCO,+ + NH,” 
(2) Boiling with water 
Carbonate : No change on boiling. 
Bicarbonate : Decomposes to carbonate with evolution of CO,. White precipitate of 
carbonates appear on addition of BaCl, (ог СаСі,) to the resulting solution. 
2HCO,- + CO; + CO, + H,O 
CO47- + M?* + MCO,+ (M = Ca, Ba) 
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| On warming with excess reagent, silver carbonate decomposes to form brown coloured silver 
oxide with evolution of CO,, 


Ag,CO,(s) > Ag,O + + СО, 7 
| Bicarbonate > No precipitation in the cold on addition of AgNO, solution. But on boiling. 
bicarbonate decomposes with evolution of CO, with simultaneous precipitation of carbonate, 
which is ultimately transformed to brown precipitate of Ag,O with evolution of CO,, 
2Ag* + 2HCO," — Ag,CO,+ + СО, + HO 
Ag,CO,(s) + Ag,O4 + CO,7 


(4) Mercurie chloride (POISON) 
Bircarbonate : No precipitation in the cold, 


Carbonate г Brown precipitate of basic carbonate appears with release of protons, which 
react with unreacted carbonate to evolve CO,. 


CO?” + 4 Hg** + 3 H,O — HgCO,.3HgO + 6H* 
COi- + 2H* + CO,T + H,O 


(5) Magnesium sulfate solution 

Carbonate : White precipitate of MgCO, appears. 

Bicarbonate г No precipitation in the cold, but on boiling, bicarbonate 15 transformed to 
carbonate and magnesium carbonate is precipitated with evolution of CO,, 


COS * Mig — MgCO,4 
2HCO; + Mg?* — MgCO,+ + H,O + CO,7 
Confirmation 


(1) Sodium carbonate-phenolphthalin reagent 

Aqueous solution of sodium carbonate is strongly alkaline (pH ~ 11-12) due to hydrolysis 
of carbonate ion and phenolphthalin indicator (рК, ~ 9.2) exists in its red coloured alkaline 
form in this solution. On the other hand, aqueous solution of bicarbonate ion is very weakly 
alkaline (pH ~ 8.34), in which phenolphthalin exists in its colourless acidic form. Therefore, 
when a red coloured solution of phenolphthalin in sodium carbonate is exposed to СО,, liberated 
from carbonate or bicarbonate on treatment of the latter with dilute mineral acid, the red colour 
is discharged, as carbonate is transformed to bicarbonate on reaction with CO, gas. 


CO} (aq) + CO,(g) + Н;0() -» 2HCO; (ag) 


Place a small quantity (0.1 g) of the solid sample or 2-3 drops of concentrated aqueous 
extract of the sample in a semi-micro reaction tube and add a few drops of dil. HCl or H,50,. 
Fix an inverted dropper fitted with a rubber cork and containing a drop of red coloured sodium 
carbonate-phenolphthalin solution at the mouth of the test tube (Fig. 3.29b). The red colour 
disappears within a very short time. Run a blank test. 
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Anions which liberate acidic gaseous products on treatment with mineral acids, e.g, 
S*-, 5027, SOT, NO," and also ЕЁ, CN^, OCN- etc. interfere, Reducing anions, e.g. S^- 
905°, 5017, NO,” are rendered harmless by oxidizing the test solution with 4-5 drops of 
10-volume H,O, (3%) prior to acidification with H,SO, (1M). 

Adding a few drops of saturated НЕСІ, (POSION) solution along with a few drops of 
dil.(1:4) H,SO,, cyanides if present, are rendered innocuous, as mercuric cyanide that is formed, 
dissociates only very slightly. Nitrates may be removed by treating with aniline hydrohloride. 
(2) Detection of bicarbonate in presence of carbonate 


Take 1-2 drops of the test solution in a semi-micro centrifuge tube, add | drop of barium 
chloride solution. A white precipitate appears if carbonate is present, Add а few more drops 
of barium chloride until precipitation of carbonate is complete. 


Note : This white precipitate may be due to carbonate, sulfate, sulfite, phosphate etc. 


Centrifuge, and discard the precipitate. Divide the centrifugate into two parts. Perform the 
following two tests for bicarbonate. 

2(a) Part-1 : Boil for some time. A white precipitate appears, as soluble bicarbonate is 
transformed to insoluble carbonate with evalution of CO, gas. 


НСО; + Ваг" + BaCO,} + СО, + H,O 
2(b) Part-2 : Add a few drops of ag-NH, until ammoniacal. White precipitate appears 
as НСО; ion is transformed to СОЎ” ion due to acid-base reaction with NH,, 


HCO, + Ва?" + NH, > BaCO,l + NH? 


5.3 Reactions of Nitrite (NO, 

Solubility > Except silver nitrite, all nitrites salts are soluble in water, Aqueous solutions 
of nitrite salts are almost neutral or weakly alkaline to litmus (pK" of HNO, ~ 3.3-3.4 at 
25°C): 

Indication 

(1) Dry test tube heating 

When a solid metallic nitrite salt is heated is a dry test tube, the nitrite decomposes and 
dark brown or redish brown fumes of oxides of nitrogen are evolved. 

(a) The issuing gas gives acidic reaction. If a blue litmus paper, moistened with a drop 
of water is held in the issuing gas, the blue litmus paper turns red (Fig. 3.29a). 

3NaNO, — NaNO, + 2NOT + Na,O 
2NO(g) + Osfg) (air) + 2NO,Î (brown) 
2NO,(g) + H,O (I) — НМО, (ад) + HNO, (ад) 
(b) The issuing brown gas (NO,) shows oxidizing reactions. If a starch iodide paper is 
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i in the issuing gas (Fig. 3.29a), the paper turns blue due to oxidation of iddide to 
iodine. 


2HNO, + 2I + 2H* — 2NO + 2H,0 + I, 
Limit of identification: 0.005y of HNO, 
Limit of dilution : | : 1x10? 


(2) Action of dil. HCl or dil.H,SO, 


To a small quantity (0.1g) of the sample add 2 mi of dil. HCI or dil. H,SO, (-2N) and 
warm gently. i 


A tranisient pale-blue colouration appears in the liquid (due to HNO,) with evolution of 
brown fumes (due to NO,) produced by combination of NO with О, of air. 


NaNO, + HCI — NaCl + HNO, 
3HNO, > HNO, + H,O + 2NO* 
МО + О, — 2NO, 
2HNO, — H,O + N,O, (= NONO,) 
(3) Cone. H,SO,-Copper turnings 
Perform this test inside a Fume Cupboard. 
Take a small amount of (0.1g) of the solid sample in a dry test tube. Plug the mouth of 


the test tube with a piece of glass wool or asbestos fibre (Fig. 3.27a). Heat gently, Brown 
fume appears, which deepens on addition of a small amount of copper turnings. 


Reactions of Nitrite ion in solution 


(1) Oxidation to Nitrate 

Strong oxidizing agent such as permanganate oxidizes nitrite to nitrate in acid medium. 

Pink colour of acidified permanganate solution is discharged on addition of nitrite solution. 
NO, + 3H* + 2e & HNO, + H,O Е° = 0.94 volt 
MnO, + 8H* + Se = Mn?* + 4H,0 Е° = 1.51 volt 

Net reaction; SNO," + 2MnO-, + 6H" — 5№О; + 2Мп2* + 3H,0. 

Place 2-3 drops of the test solution on a spot plate, add | drop of 4N H550, and | drop 
of very dilute potassium permanganate solution (N/100). Pink colour of KMnO, solution is 
at once discharged. [Dilute the permanganate solution if necessary]. 

(2) Reduction of Nitrite with evolution of NO or NH, gases 

(a) In dilute acetic acid medium, nitrite oxidizes iodide to liberate iodine, and itself is 
reduced to NO gas. 

NO, + 2H" + e > NO + H,O E? = 0.99 volt 
|l + 2e + 2l E? = 0.53 volt 


Net reaction: 2NO; + 217 + 4H* — 2NOT + 1, + 2H,0. 
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Liberated |, dissolves in excess iodide, forming brown coloured triiodide (1,7) complex 
ion. If this reaction is carried out in presence of starch indicator solution, à blue colouration 
is produced. The overall reaction in acetic acid medium is, 

2NO; + 31-7 + 4CH,COOH — 1,7 + 2NOT + 4CH,COO" + 2H,0 

Place a drop of potassium iodide (~ 0.1) solution, | drop of starch indicator solution 
and 2 drops of dilute acetic acid (~ 2M) in two adjacent cavities of a spot plate. Add | drop 
of the test solution in one of the cavities and one drop of distilled water to the other. An intense 
blue colouration is at once produced in the test solution. Compare with the blank. 

(b) On boiling with Zn dust or Al metal or Davarda у alloy (Al 45%, Zn 5% and Cu 50%) 
in caustic alkali solution, nitrite is reduced to ammonia gas, which can be detected by its 
characteristic tests. (cf МН, Sect. 4.24) [Fig. 3.29 a,b]. 


3Zn + NO, + 50H- + 5Н,О — NH,T + 3Zn(OH)j 
2Al + NO; + ОН” + SH,O — NH,T + 2AKOH); 


(c) Disproportionation of NO; to NO, and NO 
Nitrite undergoes disproportionation to NO, and NO in presence of dilute mineral acids. 
3HNO, — HNO, + INOT + H,O 

(d) Brown ring test 

If nitrite solution is slowly acidified with dilute acetic acid (or dilute H,SO, or dilute HCI) 
in presence of freshly prepared ferrous sulfate (FeSO,) or Mohrs salt, 
((NH,),SO,.FeSO,.6H,O) solution in dilute H,SO,, nitric oxide (NO) produced from 
disproportionation of NO," ion in presence of acid, forms a brown coloured complex, 
[Fe(NO) (H,0).] SO,, at the junction of the two liquids : 

3HNO, — HNO, + H,O + 2NOT 
Fe(H,0),* + NO + 504 — [Fe(H,O);NOJSO, + H,O 

Coloured ions, iodide, bromide and other ions which produce coloured compounds with 
nitrite ion should be absent. 

Take | ml of the test solution in a semi-micro test tube, add 1 m/ of dilute ferrous sulfate 
solution, mix well, and cool under tap. Add very cautiously | m? of dilute acetic acid (-2M) 
down the side of the inclined test tube. A brown ring is formed at the junction of the two 

Note : Nitrate ion also forms similar brown ring for which conc. H,SO, is to be used. 

Limit of identification : 2y of HNO, 
Limit of dilution г 1:1,5*10° 
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(3) Decomposition to nitrogen gas (Comproportionation reaction) 
Nitrite ion undergoes comproportionation reaction with ammonium salts and amide 
dervivatives such as urea, thiourea and sulfamic acid etc. In these reactions nitrite N(3+) is 


reduced to elemental nitrogen N(0) and amide N(3-) is oxidized to elemental nitrogen №0) 
and N, gas is evolved. 


(a) When a nitrite salt solution is boiled with ammonium salt (NH,CI), effervescence of 
colourless odourless N, gas is evolved. 
NO; + NH; э N,T + 29,0 


(b) On boiling a mixture of nitrite salt, urea and dil. HCl, nitrogen gas and carbon dioxide 
gas are evolved. 


2NO; + 2H* +О0= CX. ә 2N,T + CO,T + 3H,0 


— 


(c) When a mixture of nitrite salt, thiourea and dilute acectic acid is boiled, nitrogen gas 
is evolved and thiocyanate ion (SCN^) is produced to the solution. 


| "NH, 
NO; + Ht +S = — > N,T + SCN- + Н? + 2H,O 


а | 


The presence of thiocyanate ion may be detected by treating the resulting solution with 
dil.HCl and FeCl, solution, when a blood red colouration due to Fe(SCN)** complex ion is 
produced. | 

(d) When a nitrite salt solution is boiled with sulfamic acid, effervescence of N, gas is 
evolved and sulfate ion is produced in the solution. 


HMWù, 
NO; 0 + N,T + SO, + 2H’ + HO 
: HO Е 


The formation of 5057 ion may be tested by treating the resulting solution with HCl and 
barium chloride solution, when a heavy white precipitate of BaSO, is produced. 
(e) Boiling with sodium azide (NaN) in presence of dilute H,SO, also decomposes nitrite, 
NO,- + N,- + 2H* — N,T + NOT + H,O 
All these reactions 3(a-e) are useful in removing nitrite ion from a solution. Traces of nitrate 
(NO; ) ion may be produced in the reactions of NO; with NH 4 salts, urea and thiourea, but 
not with the reaction with sulfamic acid or with sodium azide. 
(4) Precipitation reaction with silver nitrate 
Silver nitrate solution reacts with concentrated solution of nitrite salt to produce white 
precipitate of silver nitrite : 
Ар? + NO; — AgNO,+ 
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Confirmation 


(1) Diazo-coupling reaction (Griess-Ilosvay test) 


Reagents : 

(1) Sulfanilic acid : Dissolve Ig of sulfanilic acid (4-amino benzenesulfonic acid) in 30 
ml of glacial acetic acid and dilute to 100 ml, cool to room temperature. 

(ii) 1-Napthylamine : Boil ~ 0.3g of 1-napthylamine with 70 mi of water, decant the clear 
solution from the blue violet residue, add 30 m? of glacial acetic acid and cool to room 
temperature. If the solution is coloured, add ~ |g of zinc dust, stirr for 3-4 minutes 
and filter, use the clear colourless filtrate. 

In acetic acid solution, sulfanilic acid (1) exists as its acetate (2), which reacts with nitrite 

ion to produce 4-sulfonylbenzenediazoniumacetate (3). When (3) is coupled with 1- 
napthylamine (4), the red ато dye (5) is produced. 


н'о;з-(СОу-\н,сн,соон + NO; > Hoss {OJN = М-ООССН, + 2H,0 


(2) (3) 


| CH,COOH (C 
ros -(C)-v. 5) 


(1) (4) 


H*0;S XO» N=N (СУ МН, + CH,COOH 
(5) 


Place a drop of the neutral or dilute acetic acid test solution on a spot plate add | drop 
of sulfanilic acid and mix well. Add 1 drop of l-napthylamine. A red colouration is produced 
if nitrite is present. 

Limit of identification : 0.0\y of HNO, 
Limit of dilution : | : 5x106 
(2) Indole reagent 

Reagent : (0.015% solution in ethanol). Dissolve 15 img of indole in 100 mi of 95% ethanol. 

In dil. H,SO, medium nitrous acid reacts with indole (1) to form purple-red coloured 
3-nitroso indole (2). 
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(1) (2) 


Mix | drop of the test solution with ten drops of the indole reagent solution and 5 drops 
of dil. H,SO, (~ 8M). A redish purple colouration is produced. 
Limit of identification : \y of HNO, 
Limit of dilution : | : 1*10°. 


(3) 1,8-Napthalenediamine reagent 


Reagent: 0.1% solution of 1,8-napthalenediamine in 10% acetic acid. 
In neutral solution nitrite ion reacts with 1,8-napthalenediamine (1) to produce an orange- 
red precipitate of 1,8-aziminonapthalene (2). 


AN 
NH, NH, H-N N 
(1) (2) 


Mix a drop of neutral or dil.acetic acid test solution with a drop of the reagent in a 
semi-micro test tube and warm slightly on a hot water bath. An orange-red colouration or, 
precipitate is produced depending upon the amount of nitrite. 

Limit of identification : 0.1y of HNO, 
Limit of dilution : | : 510°, 
5.4 Reaction of Nitrate (NO;) 

All nitrate salts are soluble in water. Basic nitrates of bismuth (III) and mercury (11) 
precipitate on treatment with water, but dissolve in dilute mineral acids. 
Indication 
(1) Heating in dry test tube (in FUME CUPBOARD) 

All nitrates decompose on heating, but, through different reactions. Alkali metal (Na, K) 
nitrates are transformed into the corresponding nitrites with evolution of О, gas. 

2MNO, — 2MNO, + 0,7 M = Na, K. 

Ammonium nitrate decomposes to nitrous oxide through comproportionation reaction (cf 
Sect 2.4), 

NH,NO, — N,O + 2H,O 

N-oxidation states ; (-3X+5) (+1) 





Silver nitrate, on heating, decomposes to black metallic silver with evolution of O, and 

brown fumes of NO,. | 
2AgNO, — 2Ag® + 2NO,T + 0,1 

Heavy metal nitrates decompose with cracking sound, producing metallic oxides with 

evolution of О, and brown fumes of NO). 
2Pb(NO,), — 2 PbO + 4NO,7 + 0,1 

The brown fume of NO, gas is (1) acidic to blue litmus paper and (и) oxidizing to starch 
iodide paper. 

Place a smal! amount (<0. 1g) of Pb(NO,), in a dry test tube plugged with a piece of glass 
wool and heat (cf. Fig. 3.29a). Brown fumes appear as nitrate is present. Hold a moisten blue 
litmus paper to the issuing gas, the litmus paper turns red. Hold a starch iodide paper to the 
issuing gas, the paper turns blue. 


(2) Hot conc. H,SO, (in FUME CUPBOARD) 

Take a small amount («0.1g) of the solid sample in a dry test tube, moisten the sample 
with a few drops of conc. H,SO,, plug the test tube with piece of soft glass wool and heat 
(cf Fig. 3.27a). Brown fumes appear due to dehydrating action of conc. H,SO, on volatite 
HNO, formed due to the reaction of non-volatite conc. H,SO, on nitrate salts : 

NO; + H,SO, > 2HNO, + SOJ 
4HNO, + 2H,SO, — 4NO,* + O,T + 2504 + 4H* + 2H,0 
Dilute H,SO, (or dil. HCI) has no effect on nitrate. 
(3) Hot conc. H,SO, + Cu-Turnings (in FUME CUPBOARD) 

Perform the above test (2) adding a few pieces of clean copper turnings. Intense brown 

fumes appear due to NO, and a blue solution results due Cu** ions. 


HNO, formed from the reaction of nitrate salt with conc. H,SO,, reacts with copper metal 
with evolution of NO gas, which on aerial oxidation produces intense brown coloured NO, 


gas. 
2NO, + H,SO, > 2HNO, + SOF- 
2HNO, + 4H,SO, + 3Cu — 3Си?* + 2NOT + 4504 + 4H,0 + 2H" 
2NO/g) + O,(g) — 2NO, (g) 
Test the acidic and oxidizing actions of NO, gas using (i) blue litmus paper and (ii) starch 
iodide paper (cf Fig. 3.28 a,b; 3.29 a,b). 
Reactions of Nitrate ion in solution 
(1) Brown-ring test 
In presence of conc. H,SO,, nitrate is reduced to NO gas by Fe(ll) sulfate, The NO gas 
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thus produced, reacts with the unreacted Fe(II) sulfate to produce a brown coloured complex. 
[Fe(H,0)(NO)**] ion. 


2NO, + 4H,SO, + 6Fe?* — 6Fe** + 2NOT + 4507 + 4H,0 
Fe(H,0)," + NO — [Fe(H,0),(NOY'*] 


If the additions of the liquids are done very carefully and slowly, a brown coloured ring 
is formed at the junction of the two liquids. 

(a) Place | m/ of the test solution and 1-2 ml of conc. H,SO, in а semi-micro test tube, 
mix well and cool under tap water. Add | m/ of freshly prepared saturated ferrous sulfate solution 
(or Mohr's salt solution) down the side of the inclined test tube. A brown coloured ring in 
produced at the junction of the two liquids, 

(b) Alternatively, take | m of the test solution and | ml of freshly prepared ferrous sulfate 
(or Mohr's salt) solution in a test tube and mix well. Add ~ | т/ of cone H,50, slowly down 
the side of the test tube. A brown ring is formed at the junction of the two liquids. 

Metal ions such as Ba?*, Sr?*, Pb**, which form sparingly soluble sulfates, interfere by 
forming precipitate after addition of H,SO, and ferrous sulfate. Bromide and iodide interfere, 
as free bromine and iodine impart colour to the test solution. The test is not also successful 
in presence of ferricyanide, ferrocyanide, chromate, sulfite, thiosulfate, thiocyanate and iodate. 
Intereferences of the these ions may be eliminated if the test is done with the Na,CO, extract 
of the sample, followed by neutralization with dil. H,SO, and treatment with an excess of 
nitrate free silver sulfate solution, warming gently (~ 60°C) and then centrifuging off any 
precipitate. The brown ring test may be conducted in the clear centrifugate, Call this as the 
prepared solution for testing nitrate. 

If nitrite is present, it interferes by imparting a brown colouration to the solution, Nitrite 
may be removed by boiling the centrifugate obtained after teatment with silver sulfate, with 
sulfamic acid. or urea or ammonium chloride or sodium azide (cf p-353). 

Place a large size crystal of ferrous sulfate or Mohr's salt on à spot plate, add a drop of 
the prepared solution for testing nitrate and a drop of сопс. H,SO, to run in at the sides of 
the drop. A brown coloured ring is formed round the crystal of Fe(II) sulfate if nitrate is present. 

Limit of identification : 2.55 of HNO, 
Limit of dilution : | : 2x10* 


(2) Diphenylamine or Diphenylbenzidine reagent : Blue ring test 

Reagent ; (0.5% solution in 80-85% H,SO,) 

Take — 0.5¢ of diphenylamine or diphenylbenzidine in a beaker and cover the mass with 
conc. HSO, (~ 1-2 mi). Add water (15 ml) dropwise while stirring with a glass rod. After 
dissolution is complete, add more sulfuric acid (total 85 ml). 

In conc. H,SO, solution, nitrate (i.e, HNO,) oxidizes diphenylamine (1), either through the 
colourless N,N'-diphenylbenzidine (2) or directly, to the blue-violet quinoid iminium ion (3). 
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(1) 


(2) 


Although the reaction is very sensitive, but it is not specific for nitrate, since many other 
oxidizing agents, viz. chromate, permanganate, bromate, iodate, chlorate, nitrite, higher valent 
metal oxides, peroxides, antimony (V), iron (IIT), (vanadate, molybdate, selenate)* also oxidize 
(1) through (2) to (3). Nitrite may be decomposed bv treating with sodium azide. 

Take ~ 0.5 т! of the strongly acidic (H,SO,) solution of diphenylamine (1) or 
diphenylbenzidine (2) on a spot plate and place one drop of the test solution at the middle. 
A blue ring is formed as the two solutions mix. Intensity of the blue colour depends upon 
the quantity of nitrate. 

Limit of identification > 0.5y of HNO, with (1) and 0.07y of HNO, with (2). 

Limit of dilution : | : 1*10° with (1) and 1 : 7x10? with (2). 


(3) Reduction to Ammonia 
When boiled with zinc, aluminium or Davarda 5 alloy (Al, 45%, Zn, 5% and Cu, 50%) 
in presence of caustic alkali, nitrate is reduced to ammonia, which can be detected by its usual 
tests (cf. p.342) 
NO; + 4Zn + 70H- + 6H,0 — NH,T + 4[Zn(OH)j ] 
УМО; + 8AL + 5OH- + 18H,0 — ЗМН,? + 8[AI(OH); ] 
Nitrite gives similar reactions and must be removed by boiling with sodium azide (NaN,) 
in presence of dil. H,SO, prior to treatment with (Zn/Al) and alkali. 
NO; + №; + 2H* + N,T + NOT + H,O 
Excess azide should be decomposed by boiling the acidic solution gently when hydrazoic 
acid, N.H, volatilizes, 
N; + H ә N.H 
Note : For reduction of NO; to NH, by metal-alkali mixture, removal of nitrite, if any, 
*Rare elements 








should be done by boiling the acidic test solution with sodium azide, but not with urea, or 
ammonium chloride or sulfamic and or thiourea, since unreacted parts of these materials may 
react with alkali to produce NH, gas. More over, removal of these unreacted materials is also 
difficult. Thiocyanate, ferrocyanide, ferricyanide and ammonium salts, which liberate ammonia 
under the condition of reduction of NO; to NH, should be absent, or if present, these should 
be removed. These may be eleminated if the test for nitrate is done with the Na,CO, extract 
of the sample followed by acidification with dil.H,SO, and treatment with an excess of nitrate 
free Ag,SO, solution as described before (cf brown-ring test p.-357). 

Ammonia liberated due to reduction of nitrate should be detected with phenolphthalin 
indicator paper, not with mircurous nitrate paper nor with Nessler's reagent paper nor with 
AgNO, - MnSO, reagent paper, Since arsenate, arsenite if present, are reduced to form arsine 
(AgH,) gas, which blackens these reagent papers and spoil the detection of ammonia. 


Confirmation 


(1) Brown ring test in neutralized (by dil.H,SO;) Na,CO, extract (described before). 
(2) Diazo-coupling test after reduction to nitrite. 
Nitrate is reduced to nitrite by zinc in dilute aceitc acid medium, 


NO; + 3H* + 2e —› HNO, + H,O E° = 0.94 volt 
Zn** + 2e — 2° E?" = —0.76 volt 
Net reaction: МО; + Zn + 3H* — HNO, + Zn** + H,O 


The resulting nitrous acid (i.e., NO;) may be detected by diazo coupling test with sulfanilic 
acid and 1-naphylamine reagents as described under nitrite. If nitrite is present in the original 
sample, it has to be removed by any one of the methods described earlier. 

Place a drop of the neutral or acetic acid test solution or à small quantity of the solid 
sample, on a spot plate, add 1 drop of sulfanilic acid mix well. Add 1 drop of 1-napthylamine 

Two cases may arise : 

Case-I : A red colouration is not formed, so nitrite is absent. Add a small amount of zinc 
dust and stirr with a glass rod. A red colouration developes. Nitrate is present. 

Case-II : A red colourtion is formed, nitrite is present. Remove nitrite from the test solution 
by any one of the methods described before (cf. p-353) until the resulting solution does not 
give red colouration with sufanilic acid and |-napthy| amine. Then add small amout of Zn 
dust and stirr with a glass rod. If a red colouration developes at this stage, nitrate and nitrite 
both are present in the sample. 


(3) Nitron (diphenyl-endo-anilo-dihydrotriazole) reagent 

Reagent : 5% solution of nitron їп 2(M) acetic acid. 

Nitron base (1) reacts with acidic solution of nitrate to form sparingly soluble crystalline 
precipitate of nitron nitrate (2). 
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Bromide, iodide, nitrite, chromate, thiocyanate etc. also yield insoluble precipitates with 
this reagent and should be absent. 


5.5 Reactions of Sulfite [SOT |, Bisulfite | н$О; | 


Sulfurous acid (H,SO,) is known in solution only. It is a diprotic acid due to the ionization 
equilibria : 


H,SO, 2 Н? + HSO} pK = 1.76 
HSO, æ Н? + SOT РК = 7.21 


Consequently it forms two types of salts, viz. bisulfite (HSO; ) and sulfite (SO ). Salts 
of both these types are formed by many metal ions. The acid itself and its salts have reducing 
properties : 

[Н*) = 1M: Н,50, + H,O э SO; + 4H* + 2e Е° = — 0.20 volt 

[DH] = 1M: 50,2 + 20H- — SO; + Н,0 + 2e Е° = 0.90 volt 


Naturally, sulfite and bisulfite salts are formed by metal ions not having redox properties. 
Alkali metal and ammonium salts are soluble in water. All other metal sulfites are sparingly 
soluble in water, but soluble in dilute mineral acids. 

As the pK" values imply, aqueous solutions of bisulfite salts are weakly acidic, whereas 


those of sulfite salts are alkaline to litmus due to hydrolysis of SO; Ion, 
SO; + H,O — HSO; + OH- 

Indication 

(1) Dilute НСІ (or Dilute H,SO,) [test in FUME CUPBOARD) 


Sulfite and bisulfite salts decompose with liberation of SO, gas. The reaction is accelerated 
on warming, 


50: + 2H* — SO, + H,O 
HSO; + H* + SO,7 + HO 
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50, gas may be detected from its reducing and acidic properties. 
To a small amount (~ 0.1g) of the solid sample (or its solution in water) in a test tube, 
add a few drops of dil. HCI (or dil.H,SO,), plug the test tube with a piece of cotton wool 


and warm slightly. If a colourless gas is evolved, (CAUTION : Suffocating, don't inhale), 
perform the following tests. 


(i) Hold a filter paper moistened with acidified KCrO, solution to the issuing gas (cf 
Fig. 3.28 a,b; 3.29 a). The orange colour of К,Сг,О,, is discharged and a green colour due 
to Сг'* (а) ion appears, resulting from reduction of Сг,02- by SO, (ie, $0? ion) : 

35057 + Cr,03> + 8H* 2 2CP* + 35027 + 4Н,0 

(ii) Hold a moistened starch-iodine paper to the issuing gas (cf. Fig. 3.292). Blue colour 

of starch-iodine paper is discharged, as 1, is reduced to I- by SO, gas, 
SO, + 1, + 2Н,0 — SO; + 4H* + 2F 

(iii) Hold a moistened blue litmus paper to the issuing gas (Fig. 3.28a). The blue litmus 
turns red, as SO, gives acidic reaction : 

SO, + H,O = H* + HSO; 
(2) Reduction by (Zn + dil.H,SO,) 

Sulfite and bisulfite are reduced to sulfide (H,S) on treatment with metallic Zn and 
dil.H,SO, [CAUTION H,S: smell of rotten eggs, poisonous, don't inhale]. H,S may be detected 
by its characteristic tests (cf Sect, 5.7) 

SOS + 3Zn + 8H* — H,ST + 3Zn?* + 3H,0 

Mix a small amount (0.1g) of the solid sample with small amount (~ 0.5g) of Zn dust 
in a test tube, plug the mouth of the test tube with a piece of cotton wool and add | m? of 
dil.H,SO,. Test the issuing gas as follows: 

(1) Hold a drop reaction paper spotted with lead acetate solution. А black spot due to PbS 
is formed (cf Fig. 3.27a), 

Н,5 + Pb(CH,COO), — PbS+ + 2CH,COOH 

(ii) Hold a drop reaction paper spotted with silver nitrate solution. A black spot due to 

AgS is formed (cf. Fig. 3.28a), 
H,S + 2Ag* — Ар,5+ + 2H" 
Reactions of Sulfite/Bisulfite ions in Solution and in Solid State 

If the sample is not soluble in water, use the Na,CO, extract of the sample after 
neutralization. 


(1) Barium chloride solution 


To | ml of the neutral test solution add | drop of BaCl, solution. White precipitate of 
BaSO, appears. The precipitate is soluble in dil. HCI with evalution of SO, gas. 


S03 + Ва?* -> BaSO,4 
BaSO,(s) + 2H* — Ba? + SO,7 + H,O 
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Precipitated BaSO,, on standing. is slowly oxidized by О, of the air to BaSO, which is 
not soluble in mineral acids, BaSO,, on warming with Н,О,, or Br,-water or conc, HNO,, 
is rapidly oxidized to BaSO,. 

2BaSO, (s) + О, — 2BaSO,4 

BaSO, (s) + H,O, — BaSO,+ + H,O 

BaSO, (s) + Br, + H,O — BaSO,4 + 2H* + 2Br 
3BaSO, (з) + 2HNO, — 3BaSO,+ + 2NOT + H,O 

Dissolve the precipitate of BaSO, in dil. НСІ and add a few drops of H,O, or Br,-water, 
warm slightly, A heavy white precipitate of BaSO, comes down. 
(2) Lead acetate solution 

To | drop of the test solution in a semi-micro test tube, add | drop of lead acetate solution. 
White precipitate of PbSO, appears. 

SOi^ + Pb?* — РЬЅО, 4 

The precipitate is soluble in dil. HNO,. The precipitate is oxidized to lead sulfate by O, 
of air on boiling, 

2PbSO,(s) + О, — 2РЬ$О,+ 

PbSO, is not soluble in dil. HNO,, but soluble in ammonium acetate on boiling (distinction 
Irom lead thiosulfate, which on boiling is transformed to black precipitate of PbS). 

(3) Silver nitrate solution 


When a dilute solution of silver nitrate is added to a sulfite solution, initially no visible 
change is observed, as the sulfitoargentate complex, [42505] ion, that is formed, remains in 
solution. On addition of an exces of AgNO, solution, white erystalling precipitate of Ag,SO, 
is formed, which passes into solution if more sulfite salt is added : 


(AgSO,) + Ар? -› Ag, SO,d 
Ag,SO,/s) + SOS" — 2[AgSO;] 
Precipitated Ag SO, is soluble in dil. HNO, with evolution of SO,. The precipitate is also 
soluble in ag-NH, solution due to the formation of complex [Ag(NH4);] ion. 
Ag,SO, (s) + 2H* — 2Ag* + SO,T + 2H,0 
Ag,SO, (s) + 4NH, — 2[Ag(NH,)3] + SOT- 
Caution : Discard the ammoniacal solution of Ag,SO, immediately to avoid explosion. 
Precipitated Ag; SO, on boiling with water, undergoes intramolecular redox reaction. 502" 
ion reduces Ag’ ion to finely divided black metallic Ag and itself is oxidized to S02 ion. 
Ag,SO,/s) + H,O =» 2Agl + SO} + 2Ht 
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(4) Potassium permanganate-dil.H,SO, - | 


To | ml of the test solution, add drops of dil. H,SO 4 (not HCI) (~ 5N) until acidic, Add 
| ml of tne acid in excess followed by | drop of very dilute KMnO, solution. Purple colour 
of permanganate solution is discharged. The change is rapid if the solution is slightly warmed. 


5505" + 2MnO; + 6H* — 2Mn2* + 55047 + 3H,0 
(5) Potassium dichromate-dil.H,SO, 
To | ml of the test solution Cr^* (aq) add drops of dil. H,SO, (~ 5N) until acidic, Add 
| ml of the acid in excess and then add 1-2 drops of dilute K,Cr.O, solution. The orange 
colour of Cr,O5~ ion is transformed into a green colour of Cr^* (ag), resulting from reduction 


of Cr,O$" ions by sulfite ion. 
35037 + COT" + BHT 2 2CP* + 3502- + 4Н,О 
(6) Lime-water 


Take a small amount (~ 0.22) of the solid sample in a semi-micro test tube fitted with 
a double bent delivery tube, fitted with the test tube through a cork (cf. Fig. 3.31). Open the 
cork and introduce | ml of dil. H,SO,. Close the cork tightly and warm the contents gently. 
Pass the issuing gas through lime-water solution contained in another test tube. 

A white precipitae of calcium sulfite is first formed, which passes into solution on prolonged 
passing of the SO, gas through it, due to transformation of sulfite into bisulfite ion. 


SO, + Ca(OH), — CaSO,+ + H,O 
CaSO,(s) + SO, + H,O — Ca?* + 2HSO; 


Confirmation 
(1) Sodium nitroprusside solution: Na,|Fe(CN);NO].2H,O 
Reaganis : 
(i) Mix ~ 0.Ig of sodium nitroprusside and ~ | mi of water with a glass rod on a clean 
spot plate. Use this freshly prepared solution using a capillary dropper. 
(ii) Potassium ferrocyanide : ~ 1% solution in water, 
(iii) Zine sulfate (or Zinc nitrate) : 0.25-0.5 (MM solution in water. 


(a) Test for SO 3 ог НЅО; in solution 

so?" ion and SO, react with sodium nitroprusside giving a pale red colour, which is 
appreciably deepened in presence of Zn?' ion and forms a red precipitate if potassium 
ferrocyanide is added. Possibly, like sulfide (S^-) ion, SO ion and sodium nitroprusside form 
a complex, [Fe(CN); NOSO?'] ion, which is adsorbed by the precipitate of potassium zinc 
ferrocyanide, K;Zn, [Fe(CN),],, that is formed when Zn2* and potassium ferrocyanide are added 
to the solution to produce the deep red colour. 
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fake one drop of zinc sulfate (or nitrate) solution in a semi-micro test tube, add опе drop 
of 1% potassium ferrocyanide solution and then a drop of the sodium nitroprusside solution, 
White precipetate of potassium zinc ferrocyanide (K,Zn, [Fe(CN), ];) appears. Now add a drop 
of the netural test solution (or neutralized Na,CO, extract). The colour of the precipitate 
becomes red if $027 is present. 
Limit of identification : 3.2y of Na,SO, 
Limit of dilution : | : 16000 


> 

(b) Detection of sulfite/bisulfite by evolution of SO, 

Reagent г Zinc nitroprusside : To | mi of the sodium nitroprusside solution, add an excess 
of zine sulfate (or nitrate) and boil for a few minutes. Wash the resulting precipitate with water 
by repeated centrifugation. Preserve the precipitate in dark, 

In contact with SO, gas, the salmon pink coloured zinc nitroprusside (Zn|Fe(CN);NO]) 
turns red coloured, possibly due to the formation of a weak adsorption compound between 
the two reactants. If the reaction product is held over ammonia, the colour of the unused zinc 
nitroprusside is discharged and the red colour of the reaction product becomes more prominent. 
Nitroprussides of metals other than zinc (eg. Cd^*) also behave similarly. 

Take a small amount (« 0.1g) of the solid sample or 1-2 drops of the test solution in a 
semi-micro reaction tube (Fig. 3.29 a,b). Hang a small amount of zinc nitropruside slurry in 
the glass capillary (Fig. 3.29b) or impregnate a filter paper strip with zinc nitroprusside slurry 
(cf Fig. 3.292). Add | ml of 2N НСІ in the reaction tube and then fix the cork at its mouth 
immediately. After the SO, gas has reacted with the reagent, remove the reagent slury or reagent 
paper and hold the same over an open bottle of conc. ammonia for 1-2 minutes. The reagent 
is coloured deep red if SO?" or HSO is present. 

Sulfide (S?) and thiosulfate (5,057) ions interfere in this test. Sulfide on treatment with 
dil. HCI, liberates H,S gas, which, apart from its reaction with alkaline nitroprusside solution, 
forming violet colouration, also reacts with SO,*~ to precipitate elemental sulfur in milky 
colloidal form. 


503° + 2H,S + 2H* + 3S*l + 3H,O 
Thiosulfate itself decomposes on acidification, with precipitation of sulfur and liberation 
of SO, gas, 
5,037 + 2H* > S°} + SO,T + H,O 
Sulfide and thiosulfate ions are to be removed before carrying out the nitroprusside tests 
for sulfite, Both these ions may be removed by treating the test solution with mercuric chloride, 
which reacts with S^- and $,0,* to form acid stable precipitate of black HgS. 
52- + НЕСІ, =» HgS4 + 2С1- 
5,057 + HgCl, + H,O — HgS} + soi езине ан 
HigCl, does: not interfere with the liberation of SO, form. fite Ж. 
with dil. HCI. 





pa on [364 





Place | drop of the test solution (i.e. neutralized Na,CO, extract) in a semi-micro reaction 
tube (Fig. 3.29 a,b) add 2 drops of saturated mercuric chloride solution, stirr with a glass rod. 
After 1-2 minutes, acidify the mixture with dil. HCI or dil. HSO, (~ 2N) and immediately 
fix the glass dropper with its capillary filled with a slurry of zinc nitroprusside at the mouth 
of the reaction tube or hang a filter paper strip impregnated with zinc nitroprusside slurry (Fig. 
3.29a). Wait for some time until the liberated SO, gas reacts with the reagent. Remove the 


reagent dropper or the reagent paper and expose it to ammonia gas for 1-2 minutes. A deep 
red colouration is produced if sulfite/bisulfite is present. 


Limit of identification : 3.5y of SO, 
Limit of dilution : | ; 14,000 


(2) Fuchsin (or Magenta) test 


Neutral solution of sulfite decolourises the aqueous solutions of triphenylmethane dyes, 
eg. fuchsin (I), malachite green (2), due to transformation of the quinoidal structures of these 
dyes to benzenoidal strutures. Fuchsin (1) is transformed to the colourless N-sulfinic acid of 
p-fuchsin-luco-sulfonic acid (1a) and malachite green (2) into an addition compound (2a) with | 
bisulfite ion. 


0 2$ - OH 
^ SO;H' 
H.C’ “ү H.C 
es NH, 
(1) (1a) 
N'(CH4)4ICI rof N'H(CH44IHSO, 
Феу TR 
| ™ sont 
N(CH,), N(CHj 
(2) (2a) 





The decolourised solution of fuchsin is known as Schiff * reagent, Aldehydes can restore 
the colour of Schiff's reagent. 

Neutral solution of sulfite transforms the N-sulfinic acid of p-fuchsin levco-sulfonic acid 
(1а) into its alkali salt. Decolourization is not complete with acidic solution of sulfites or 
sulfurous acid solution (SO,-water), Acidic solutions of sulfites are to be neutralized with 
sodium bicarbonate, but not with Na,CO, or NaOH, since free alkali interferes with the 
decolourization. If the sulfite solution is alkaline, it may be neutralized before hand with 
carbonic acid (in CO,-water). 

Thiosulfate, dithionate, polythionates do not interfere. Sulfide (S^) and polysulfides 
(S2-) react similar to sulfite, and should be absent. Zn^, Cd"*, Pb?* interfere, so these are 
not suitable for removal of sulfide. These metal ions can not interfere, if the test in conducted 
with the neutratized Na,CO, extract of the sample. 

Place a drop of the dye stuff on a spot plate and add | drop of the neutral test solution 
(neutralized Na,CO, extract), The dye is decolourized if sulfite is present. 

Limit of identification : Vy of SO, 
Limit of dilution : | : 5x10* 


(3) Testing small quantities of Sulfite in Thiosulfate 


(a) Neutral sulfites react with aldelydes to produce soluble neutral bisulfite compounds 
with liberation of alkali, which can be detected by red colouration of phenolphthalin indicator. 


Na,SO, + RCHO + H,O — RCH(OH)SO;Na* + Nat + OH 


Thiosulfate does not undergo this reaction and nor does it interfere with the test for sulfite. 
Formaldelyde reacts most repidly. Aldehyde solutions are always associated with the 
corresponding carboxylic acids due to aerial oxidation. The aldehyde solution should be 
neutralized with NaOH solution using phenolphthalin indicator. 

Take | drop of 1% formaldehyde (formalin) solution on a clean porcelain crucible, add 
| drop of phenolphthalin indicator, and drops of NaOH solution (~ 2) until the indicator turns 
red. Add drops of very dilute H,SO, solution to just about to discharge the red colour. [Keep 
the solution faintly red by adding dil. NaOH and dil.H,SO, solution as required]. Add 1-2 drops 
of the neutral test solution (or neutralized Na,CO, extract). The indicator turns red. 

(b) In absence of free alkali, trace amount of sulfite may be detected in presence of 
thiosulfate by their reactions with І, solution. Both $027 and 5,027 are oxidized by I,, but 
Н“ ions are produced in the reaction of 502 and not with 5,027, 

502- + 1, + H,O ~» 507 + 21- + 2H- 
25,027 +1, > 8,02" + 2E 
Appearance of H* ion may be indicated by the change of colour of blue litmus paper to 


redi: 
Place | drop of the neutral test solution on a spot plate, add 1 drop of l, solution. Discharge 
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of brown colour of 1, indicates the presence of reducing agents, such as SO;~, SOT, 52- 
etc. Add а few more drops of 1, solution until the 1, colour persists. Now place a strip of 
blue litmus paper in the brown solution, take out the paper immediately and then immerse 
the paper in 0,1N sodium thiosulfate solution to discharge the colour of L, adsorbed on it. 
The lower and of the paper is red coloured if sulfite is present, 

Limit of identification : Sy of Na,SO, іп presence of 1000 times 

Limit of dilution : | : 10.000 the amount of Na,5,0, 5Н„О 
(4) Distinction between Sulfites and Bisulfites 

Reagents г (1) 1% BaC |, solution in water. 
(1) 3% H,O, solution, shaken with CaCO, and filtered. 

Soluble sulfites, due to hydrolysis give alkaline reactions in aqueous solution (discussed 
before), whereas, bisulfites are weakly acidic. Both sulfite and bisulfite (i) react with BaCl, 
to give white precipitate of barium sulfite and both are (ii) oxidized to sulfate by Н.О, 
Reactions of both the reagents with bisulfite are accompanied by release of Н? ion and the 


solution become, acidic, whereas, reactions of both the reagents with sulfite leave neutral - 
solution. 


(i) 5057 + Ba?* — BaSO,+ 
HSO; + Ba? — Ва$О, + H' 

(ii) SO3- + Н,0, + SO?" + H,O 
HSO; + H,O, + SO; + HO + H* 


Place | drop of the test solution on two adjacent cavities of a spot plate. Add | drop of 
the BaCl, solution to one cavity and | drop of the H,O, solution to the other cavity. Test 
the two reaction mixtures with litmus paper. 

Neutral reaction — Sulfite 
Acidic reaction — Bisulfite 


(5) Benzidine-blue test by induced oxidation of МИП) hydroxide 

Reagent : Benzidine solution: Dissolve 0.05g of benzidine base or its hydrochloride in 10 
ml of glacial acetic and and dilute the solution to 100 m/ with water. Filter if necessary and 
use the clear filtrate for the test. 

If freshly precipitated alkali free green coloured Ni(II) hydroxide is brought into contact 
with SO, gas and exposed to air, autoxidation of SO, (i.e. $057) to SO; occurs and this 
reaction induces the oxidation of green coloured Ni(OH), to grey-black coloured Ni(OH),, 
which oxidizes colourless benzidine (1) in acetic acid medium to benzidine blue (3), that consists 
of the diamine (1) and its oxidation product diimine (2) in 1 : | molar proportion along with 
two equivalents of a monobasic acid (here, acetic acid). 
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SO, produced from the action of dilute hydrochloric (or sulfuric) acid on sulfite salts, reacts 
with Ni(OH),, and transforms it into basic Ni(II) sulfite, NISO,. Ni(OH), or Ni, SO,(OH),, 
which is subsequently oxidized by oxygen of the air both cationically and anionically to produce 
Ni(IV) hydroxide, NOH), and МИП) sulfate : 

Na,SO, + 2НСІ — 2NaCI + SO,T + H,O 
2Ni(OH), + SO, — Ni,SO,(OH), + H,O 
o 
| 
(HO)Ni - O - S - О - NI(OH) + О, + H,O — Ni(OH), + NiSO, 

Ni(OH), oxidizes benzidine (1) to benzidine blue (3) in acetic acid medium and itself is 
reduced to МИП) state. 

Ni(OH), + 2H" + 2e — Ni(OH), + 2Н;0 


вл A ome HN nb mae NH + 2H* + 2e 


(1) (2) 


(3) 


Strong oxidizing agents (viz, dichromate, nitrate, permanganate, peroxodisulfate, free 
halogens etc.), oxidize both sulfite and benzidine, and must be absent. Sulfide interferes by 
precipitating black NiS in neutral medium. More over SO, is used up by the H,S generated 
from the reaction of sulfide with dilute acids : 

SO, + 2H,S — 2H,O + 35% 

So, sulfides, if present, must be removed before applying this test, Sulfide may be removed 
by precipitating as bismuth sulfide (Bi,S,) by treating the test solution with drops of bismuth 
nitrate solution in very dilute (1 : 20) hydrochloric acid medium, in which Bi,S, is completely 
precipitated and may be removed by centrifugation. The test may even be applied in presence 
of the precipitate of bismuth sulfide, since the concetration of the acid is so low that it is 
without effect on Bi,S,. 

Take a few drops of the test solution (or a small amount ~ 0.1g) of the solid sample in 
a semi-micro test tube in which a strip of filter paper impregnated with freshy precipitated 
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alkali free Ni(OH), is hung with the aid of a platinum wire loop (Fig. 3.28a). Add — | ml 
of dilute (2M) НСІ (or H,SO,), place a piece of clean cotton wool in the test tube to avoid 
spattering by bumping. Close the test tube with the cork from which the platimum wire loop 
containing the reagent [Ni(OH),| paper is hung. Heat the test tube gently. The green colour 
of Ni(OH), changes to grey black if sulfitie is present. Take the reagent paper out and treat 
it with a drop of acetic acid solution of benzidine. A blue colouration indicates sulfite. 

Limit of identification : 0.4y of SO, 

Limit of dilution : | : 1.[25x105. 


5.6. Reactions of Thiosulfate (5,07) 


Barring sparingly soluble thiosulfates of lead, silver and barium, thiosulfates of most other 
metals are soluble in water. Thiosulfates of many metals dissolve in excess of sodium thiosulfate, 
forming thiosulfato complexes. 


Indication 


(1) Dilute Hydrochloric acid or Dilute Sulfuric acid 

(a) To a small quantity (~ 0.1g) of the solid sample, in a test tube (Fig. 3.29) add 1 m 
of dil.HCl or dil.H,SO,. Colourless gas with smell of burning sulfur (Caution : SO, gas 15 
suffocating, do not inhale) is evolved. Hold an acidified dichromate paper or a drop of acidified 
dichromate solution to the issuing gas. The paper or the solution turns green if thiosulfate or 
sulfite or both are present. 

(b) To 1 т! of the test solution, add a few drops of dil. HCI (or H4SO,) as in the test 
1(а), White turbidity appears along with evolution of colourless gas with smell of buring sulfur 
(distinction from sulfite) (Caution : SO, is poisonous). Hold an acidified dichromate paper 
or a solution at the issuing gas (Fig. 3.29). The paper or the solution turns -green. 


S,0i- + 2H* + S} + SO,T + HO 


(2) Catalysis of Iodine-Azide reaction 
Reagent : Dissolve 3g of sodium azide (NaN,) in 100 mi of 0.1N 1, solution in KI. 
1, dissolves in KI to form the brown coloured tri-iodide (1,7) complex ion. Sodium azide 
does not react with 1, or 147. But in presence of thiosulfate, sulfide and thiocyanate the brown 
colour of l, (or 1,7) 15 discharged at once with evolution of a colourless and odourless neutral 


(to litmus) gas te. N, gas. 
L*rtehN 
2N; +1; 2 3E + 3№,7 
Net reation : 2N3 + 1, > 21- + 3N,7 


Take 1-2 drops of brown coloured solution of 1, in КІ on a spot plate and add | drop 
of the test solution or a small amount of the solid sample. Stirr with a glass rod. If the brown 
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colour of 1, (ог 1.7) is at once discharged with effervescence of N, gas, the sample contains 
thiosulfate and or sulfide and or thiocvante. 
Limit of identification г 0.15y of Na,5,0, 5Н„О 
Limit of dilution : | : 3.3 х 10°. 
Reactions Thiosulfate ion in solution 


Use the aqueous extract or a neutralized NaCO, extract. 


(1) Silver nitrate solution 
On addition of small amount of AgNO, solution to a large excess of thiosulfate solution, no 
precipitate is formed due to the formation of dithiosulfato argentate (I) complex [Ag(S,O, 9] 
ion. On addition of more AgNO,, white precipitate of silver thiosulfate, Ag,S,O.. appears : 
25,037 + Ag’ = [А0(5,0;)5] 
[Ag(S,O,);"] + 3Ag* — 2Ag,S,0,+ 
Net reaction : 6:05- + 2Ag' > Ag,S,0,+ 
Precipitated Ag,5,0. is an unstable compound. On standing, the precipitate of Ар,5,0, 
changes colour from white, through yellow, brown to black Ag,S due to disproportionation 


of 5,057 ion. The transformation is accelerated on warming. 
Ag,S,0,4 + H,O > Ар,54 + SOT + 2H" 


(2) Lead acetate solution 


When lead acetate is added to a thiosulfate solution, white precipitate of lead thiosulfate 
is formed, which is soluble in excess of thiosulfate solution due to complex formation. The white 
precipitate of lead thiosulfate on boiling, is gradually transformed to black precipitate of PbS, 


5,037 + РЬ?* — PbS,0,+ 
PbS,0, + H,O — PbS + SO?" + 2H* 


(3) Ferric chloride solution 

Reagent: Neutral ferric chloride solution: Aqueous solution of ferric chloride is acidic due 
to hydrolysis of Fe?*(ag) ion (cf. Set. 2.1). To prevent precipitation of Fe(OH), ferric chloride 
solution is made in dilute hydrochloric acid. Take 1 ml of ferric chloride solution in a test 
tube add drops of dilute (1 : 4) ag-NH, solution with shaking until a redish brown colour 
persists in the solution, but brown precipitate of Fe(OH), is not formed. Centrifuge if necessary 
and use the clear centrifugate for the tests. 

To 1 ml of the neutral test solution add 1-2 drops of neutral ferric chloride solution, А 
deep violet colouration appears due to the formation of dithiosulfato iron (III) complex. On 
standing, the violet colour gradually disappears as Fe(II!) oxidizes S,O3- ion to tetrathionate 
(S405 ) ion and itself is reduced to Fe(II). 
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25,01 + Fe** — [Fe(S,0,);] 
[Ре(5,0,)5] + Fet — 2Fe?* + S,0;- 


? p " 
Net reaction : 28,0; + 2Fe + 2Fe** + S,07- 


(4) Iodine (or Potassium tri-iodide, КІ.) - Starch solution 


Thiosulfate is oxidized to tetrathionate (5,07) ion by l, (or КЇ,), the latter is reduced 
to iodide., If the reaction is carried out in presence of starch indicator solution, which forms 
an intense blue coloured adsorption compound with I, (or 13), the blue colour is at once 
discharged. 

28,077 + 1; (or 1,) (blue) — 3V (or 217) (colourless) + уд 


This reaction forms the basis of iodometric titrations. Sulfide and sulfite also discharge 
the iodine colour, and should be absent. 


(5) Barium chloride solution 

To 1-2 drops moderately concentrated test solution in a semi-micro test tube, add | drop 
of barium chloride solution and scratch the sides of the test tube with a glass rod. White 
precipitate of barium thiosulfate appears. 


5,057 + Ba?* > BaS,0,4 


(6) Blue ring test 

Thiosulfate reduces molybdate to molybdenum blue (cf. Sect. 8.8). Mix | ml of the test 
solution with equal volume of ammonium molybdate solution and pour the mixture down the 
side of another test tube containing | ml of conc. H,SO,. A blue ring is temporarily formed 
at the junction of the two liquids. 


Confirmation 
(1) Tris-ethvlenediamine Nickel (II) nitrate (or chloride) 
[Ni(en),](NO,), (or Cl,) reagent | 
| Reagent : To 2 ml of 0.5 M nickel (II) nitrate (or chloride) add ethylenediamine 
[Н,МСН,СН,МН,, i.e, en] until a violet colour appears. Use this freshly prepared reagent for 


testing thiosulfate, | 
When a neutral solution of thiosulfate is added to a freshly prepared solution of 


[Ni(en) (NO. ), or [Ni(en); ]Cl;, a crystalline violet precipitate of thiosulfate salt of the complex 
is formed. 
[Ni(en(NO4), + 5,057 — [Ni (en),]$,0,4 + 230; 

Sulfide, sulfate, tetrathionate, thiocyanate do not interfere. But H,S and (NH,),5 decompose 
the reagent by precipitating black NiS. With modification, the test may also be applied to detect 
Ni?* in presence of Cu?*, Co?* Fe?* and Cr”. 

Limit of dilution : | : 2.5х10* 


1371 | 





(2) Test for Thiosulfate in the presence of Sulfide 

Reagent ; 2% mercuric chloride solution in water. 

(a) HgCl, reacts with both sulfide and thiosulfate to form black precipitate of mercuric 
sulfide (HgS), but the reaction with thiosulfate solution is accompanied by release of H*, which 
may be detected from the change of colour of blue litmus to red. 

S^ + HgCl, + HgS4 + 2C 
$›О + HgCl, + H,O —» HgS4 + 5057 + 2H* 

Mercurie chloride in aqueous solution may be slightly acidic due to hydrolysis, and this 
may mislead the identification, 

HgCl, + H,O = HgCl(OH) + Н" 
HeCl(OH) = HgO& + Н? + CF 

This problem may be overcome by adding some potassium chloride. which forms soluble 
complexes, K[HgCl.] and K,[HgCl,] with НЕСІ, and prevents its hydrolysis. 

Place a drop of 2% mercuric chloride solution and a small crystal of KCl on a spot plate, 
mix with a glass rod. Add 1-2 drops of the neutral test solution (or neutralized NaCO, extract). 
Black precipitate of HgS appears if thiosulfate, or sulfide or both are present. [A white 
precipitate of HgCl,.2HgS may appear if an excess of HgCl, is present]. Now dip a blue litmus 
paper into the mixtue. Two case may arise : 

(1) black precipitate of HgS but no change of litmus colour from blue to red 

-> sulfide is present. 
(ii) black precipitate to HgS with change of litmus colour from blue to red 
-> thiosulfate is present. 

If a black precipitate is not formed on addition of HgCl,, then both sulfide and thiosulfate 
are absent. 

(b) To a few drops of the neutral solution of sulfide and thiosulfate on a spot plate, add 
a few small crystals of cadmium nitrate (or sulfate), mix with a glass rod. Sulfide is precipitated 
as yellow cadmium sulfide (CdS), but thiosulfate remains in solution. Now dip a strip (1 cm 
* 5 cm) of quantitative (Whatman No. 1) filter paper into the resulting suspension. The clear 
solution containing the thiosulfate ascends the filter paper, leaving at its lower end the yellow 
precipitate of CdS, Remove the paper after 2-3 minutes and cut the clear moist portion off 
the portion containing the CdS precipitate. Now cut the moist portion of the paper into two 
pieces, allow to dry and perform the following tests : 

(i) Add a drop of 2% HgCl, solution containing little KCI, to the moist paper. A black 
spot (of HgS) is formed. Add 1-2 drops of water using a capillary tube, so that a moist portion 
spreads out of the black spot. Now add a drop of methyl red indicator on the moist portion. 
A red colouration appears if thiosulfate is present. 

(ii) Dip the other portion of the cut filter paper into 1-2 drops of iodine-azide reagent taken 
on a spot plate. A perceptible evolution of bubbles of colourless odourless gas (N,) with 
discharge of brown colour of L-azide reagent occurs, if thiosulfate is present. Some bubbles 
are seen to adhere to the spot plate even if the paper is removed. 
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5.7 Reactions of Sulfide (S?-), Hydrosulfide (HS7) 
' Hydrogen sulfide (H,S) is a weak diprotic acid (cf. Set. 2.1, 2.2) in water. 
H,S < Ht + HS- РКУ = 70 
HS- = Н+ + S?- рК|' = 12.92 
Consequently it forms two types of salts, normal sulfide (S?-) and hydrosulfide (HS). Alkali 


metal and ammonium sulfides are soluble in water, and such solutions give alkaline reactions 
due to hydrolysis of sulfide and hydrosulfide ions 


$2* + H4O = HS- + OH 
HS- + H,O = H,S + OH- 
At ordinary temperature and | atm. pressure, HS dissolves in water, and the saturated 
solution of HS is ~ 0.1M in [H5S] under this condition. 
Sulfides of metals other than alkali metals are sparingly soluble in water. Transition metal 
sulfides and sulfides of metals around the right hand bottom of the modern periodic table are 


identifiable from their characteristic colours. Alkaline earth metal sulfides are hydrovsed to 
hydrosulfides and hydroxides, 


2CaS + H,O + Ca(SH), + Ca(OH), 


Sulfides of АЙП), Cr(III), and Mg(II) are completely hydrolysed to form hydroxides with 
evolution of H,S : 


ALS, + H,O — 2Al(OH),+ + 3H,S* 
Suifides of Fe(II), Mn(II), Zn(II) and alkali metals are decomposed by dil. НСІ with 
evolution of H,S gas : 
ZnS + 2HCI — ZnCl, + H,ST 


РИШ), САП), МИП), Colt), ЅЫШ, V), Sn (IV) sulfides are deomposed by conc. НСІ, not 
by dil. HCI. Mercuric sulfide is insoluble in even in conc. HCI, but soluble in aqua-regia with 
separation of elemental sulfur : 


3HgS + 2HNO, + 6HCI — 3HgCl, + 38+ + 2NOT + 4H,0 

Acid insoluble sulfides (HgS, CdS, As,S, etc.) are deomposed : 

(i) by Zn/HCl or Sn/HCI with evolution of Н, gas, 
HgS + Zn + 2HCI — H,ST + Hg} + Zn?* + 2СГ 

(ii) by fusion with anhydrous Na,CO, followed by extraction of the fused mass with water 
CdS + Na,CO, — Na,S + CdCO, 

Except these acid insoluble sulfides, the other sulfides pass into Na,CO, extract in water. 


Indication 


(1) Dilute НСІ (or Dil. H,SO,) 
Except the sulfides of mercury, arsenic, cadmium and antimony, sulfides of all other metals, 


- 
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or the Na,CO, extract or the Na,CO, fusion extract of the sample on treatment with dilute 
HCI (or dil. H,SO,) decompose to liberate colourless H,S gas, having disagreeable odour (smell 
of rotten eggs) and detected by its characteristic tests, 

(a) Take a small quantity (~ 0.1g) of sample or ! m/ Na,CO, extract or Na,CO, fusion 
extract or the aqueous extract of the sample as required in a semi-micro test tube. Plug the 
test tube with a piece of pure cotton wool (cf. Fig. 3.27). Add ~ | ml of dil.HCl or dil. H,SO,. 
Warm gently and test the issuing as follows : 

(i) Hold a filter paper moistened with lead acetate solution at the issuing gas. A black spot 
results due to PbS. 

H,S + Ph(CH,COO), -» PbS+ + 2CH,COOH 


(ii) Hold a filter paper moistened with cadmium acetate (or any cadmium salt) solution 
at the issuing gas for ~ 2 minutes. A yellow spot results due to CdS. Hold the paper over 
ammonia for better colouration. 

(iii) Test with Plumbite solution Na [PbO] 

Place a drop of lead acetate solution on a spot plate add drops of dil. NaOH (~ 2M) solution. 
A white precipitate of Pb(OH), that is initially formed, dissolves in excess alkali, forming 
sodium plumbite (Na,[PbO, ]) 

Pb(CH,COO), + 20H — РЫОН), + 2CH,COO- 
Pb(OH),(s) + 2NaOH —> [Pb(OH)?-] + 2Na* 
[Pb(OH)7"] > PbO} + 2H,0 

Now take one drop of the plumbite solution on a drop reaction paper using a capillary 
tube and hold the paper at the issuing gas (Fig. 3.27a). Immediate blackening occurs due to 
the formation of PbS, 

[РЫОН)2-] + H,S — PbS} + 2H,0 + 20H” 

(b) Reactions of H,S as a reducing agent 

Fix a double bent glass tube with a cork at the mouth of the test tube (Fig. 3.31). Treat 
the test sample or the solution as in test 1(a) and pass the evolved gas through the following 
reagents. 

(1) KMnO, solution acidified with dil. H,SO,: 

Purple colour of permangenate is discharged, as it oxidizes H,S to precipitate elemental 
sulfur and itself is reduced to colourless Mn?*(ag) ion. 

2MnO, + SH,S + 6H* — 2Mn?* + 554 + 8H,0 

(ii) K,Cr,O, solution acidified with dil. H,SO, or dil. НСІ: 

The orange colour of dichromate solution is transformed to green colour of Сг?" (ag) ion 
with precipitation of sulfur, as Cr,O2^ oxidizes H,S and itself is reduced to Cr^*(ag) ion. 

Cr,OF + 3H,S + 8H* — 2Cr* + 354 + 7H,O 
(iii) Starch-iodine (or starch 1,7) reagent: | 
Blue colour of strach-iodine solution is discharged with precipitation of sulfur, 
I; + H,S + 37 + 54 + 2H* 
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! The solution becomes acidic due to release of H* ions. Blue litmus paper turns red if it 
Is. dipped into the resulting solution. 


(2) Catalysis of iodine-azide reaction 


| Azide N, ion does not react with I, (or 1,7). In presence of trace amount of sulfide, 
thioulfate and thiocyanate, immediate discharge of iodine colour with effervescence of N, gas 
takes place as these anion radicals catalyse the reaction, 


2N, + 1,7 ә 3N,? + 31 

So this is a selective reaction for sulfide. It may be made specific for sulfide if thiosulfate 
and thiocyanate are removed. 

Place a drop of sodium azide solution on two adjacent cavities of a spot plate and add 
| drop of iodine solution (0.1) in each cavity. Now add | drop of the test solution or a small 
amount of the powdered sample in one of the cavities and an equal volume of water in the 
other cavity. Discharge of brown colour of iodine solution with effervesence from the former 
indicates sulfide and or thiosulfate and or thiocyanate, 

(3) Silver nitrate solution 
Place | drop of the test solution on a spot plate and add 1 drop of silver nitrate solution. 
immediate blackening occurs due to precipitation of Ag,S. 
S* + 2Ag' — Ар,5+ 
(4) Barium chloride-dil.HCl solution 
No precipitation occurs as the solubility product of BaS is much higher. 


Confirmation 
(1) Sodium nitroprusside solution 
Reagent г Freshly prepared solution of 0.1g of Na;[Fe(CN),NO].2H,0 in ~ | ml of water. 
Sulfide ion in alkaline or ammoniacal solution forms a violet colouration with sodium 
nitroprusside, possibly due to the formation of pentacyanonitrosylsulfide complex of iron, 


[Fe(CN),(NOS)*] ion, 
S?- + [Fe(CN),NO?-] — [Fe(CN),(NOS)*] 
Mix a drop of the alkaline or ammoniacal test solution with | drop of sodium nitroprusside. 
A violet colouration appears if sulfide 1s present. 


Alternatively, filter paper (Whatman No. 1) impregnated with the sodium nitroprusside 
reagent may be treated with a drop of the test solution. A violet spot results if sulfide is present. 


Limit of identification : Vy of Na4S 
Limit of dilution : | : 5x10*. 


(2) Methylene blue test Mir 
In the presence of ferric chloride, Н,5 reacts with N,N-dimethyl-p-phenylenediamine 


| 375 | 





(1) to produce a blue coloured water soluble dye stuff, methylene blue (2) having quinoidal 
Structure. 


(H,C),N N(H,C), 
XX LHS Eust i + 6FeCh 
NH H,N 


(1) | (1) 
(H,C),N с МНС), 
deal. "4n 3 СГ + 6FeCl, + NH,CI + 4HCI 
N 


(2) 


Mix one drop of the test solution, one drop of conc. HCI and a few grains of N, N-dimethyl 
-р- phenylenediamine (or | drop of its chloride or sulfate salt solution) on a spot plate. Then 
add | drop of 0.5 (M) ferric chloride solution in dil. HCI. An intense blue colouration is produced 
due to the formation of methylene blue. 

Limit of identification : |y of Н,5 
Limit of dilution : | : 5x10*. 
(3) Test for hydrosulfide (SH^) in presence of sulfide (5%) 
Both sulfide (S^) and hydrosulfide (SH) are oxidized һу iodine solution. 
S* +1, > 21- + St 
HS- + 1, > 2 + H*+ Sl 

Aqueous solutions of alkali metal sulfides (e.g. Na,S, K,S) are strongly alkaline due to 

hydrolysis of sulfide ion and turn red litmus blue, 
S^ + H,O - HS- + OH- 

On reaction of the iodine solution with sulfide (52-) ions, the brown colour of iodine is 
discharged with precipitation of sulfur and the resulting solution becomes neutral to litmus 
as §% ions disappears from solution. Hydrosulfide solutions are weakly alkaline, but on reaction 
with 1, solution, sulfur is precipitated with release of H* ions, for which the resulting solution 
becomes distinctly acidic and turns blue litmus paper red. 

Take | drop of the test solution on a spot plate and add drops of 0.1N iodine solution. 
Sulfur is precipitated with discharge of iodine colour. Add a few more drops of iodine solution 
until some iodine colour persists in the solution. Add a drop of CS, and stirr the mixture with 
a glass rod. Both precipitated sulfur and unreacted iodine dissolve in CS,. Now dip a blue 
litmus paper into the aqueous part of the reaction mixture. The blue litmus turns red if 
hydrosulfide (HS~) is present. 
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5.8 Reactions of Thiocyanate (SCN) 


Except alkali metal and the ammonium salts, thiocyanates of most other metals are sparingly 
soluble in water, 


Indication 


(1) Catalysis of iodine-azide reaction 


Azide (N37) does not react with iodine (1, or 1,7). But thiocyanate is a powerful catalyst 
for the iodine-azide reaction, 

7 + 2N, 2 2N,T + 31- 

This reaction is a selective test for thiocyanate, since sulfide and thiosulfate ions also 
catalyse this reaction, 

Take | drop of 1, soluton (in KI, i.e, 1,7) on two adjacent cavities of a spot plate, add 
a small crystal of sodium azide in both the cavities. Now add a small amount (~ 0.1g) of 
the powdered solid sample, or its aqueous extract, or, Na,CO, extract in one cavity and an 
equal volume of water in the other cavity. Stirr with a glass rod. 

Brown colour of iodine is at once discharged with colourless and odourless effervescence 
of nitrogen gas, if thiocyanate and or thiosulfate and or sulfide are present. 

Limit of identification : 1.5y of КСМ 
Limit of dilution : | : 3.3x10*, 
(2) Concentrated H,SO, (To be conducted in FUME CUPBOARD) 

On warming with conc. H,SO,, thiocyantes decompose to form carbonylsulfide, COS gas 
[Caution : Poisonous] along with sulfate ion. Carbonylsulfide burns with a blue flame if ignited 
(cf Fig. 3.30a]. 

NH,SCN + H,SO, + H,O — COST + (NH,),SO, 

Note : The reaction is much more complex, since SO, and CO, are also detected in the 
gaseous product. The resulting solution also contains formic acid and sulfur. With dilute acid 
(<3M) no reaction occurs in the cold. A yellow solution is formed on boiling. 

(3) Ferrie chloride solution 

In dilute acidic (~ 0.5M) solution, thiocyante ion reacts with Fe?* ion to produce blood- 

red coloured complexes [Fe(SCN)?*], [Fe(SCN)3] .... ete., 
SCN- + Fe?* — [Fe(SCN)?*] 
SCN- + [Fe(SCN)**] — [Fe(SCN);] 
SCN- + [Fe(SCN);] — [Fe(SCN),] 

lodide ion interferes, as Fe?* oxidizes 17 to liberate L,, which forms brown colouration in 
the solution, Stability of Ее! — SCN- complexes are not very high, as Fe?” is a hard Lewis 
acid, whereas, SCN- is a soft Lewis base. These complexes decompose on addition of harder 
Lewis base ligands, such as, fluoride, phosphate, oxalate, citrate, tartarate etc., with discharge 
of the blood red colour. 
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[Fe(SCN).] + 6F^ — [FeF?-] + 3SCN- 
[Fe(SCN),] + 3[{00C-COO}*- — [Fe(C,0,)2-] + 3SCN- 

The blood-red colour is also discharged when soft Lewis acid metal ions, such as, Hel), 
Ag(I)-nitrates are added, 

A[Fe(SCN),] + 3Hg** — 3[Hg(SCN)7-] + 4Fe?* 

The blood-red colour is discharged if Ее!!! is reduced to Fe" by addition of а reducing 
agent, such as stannous chloride solution : 

2[Fe(SCN),] + Si?* — 2Fe?* + 6SCN- + Sn” 

Place | drop of the weakly acidic test solution on four adjacent cavities of a spot plate, 
add one drop of dilute ferric chloride solution to each cavity. Blood-red colouration is produced 
in each cavity if SCN^ is present. Now perform the following tests : 

(1) Add a crystal of ammonium bifluoride in one of the cavities and stirr with a glass 

rod. Blood red colour is discharged. 

(n) Add a crystal of oxalic acid to another cavity and stirr. Blood-red colour is discharged. 

(iii) Add | drop of mercuric chloride to the third cavity and stirr. Blood red colour is 

discharged. 

(iv) Add | drop of stannous chloride in the fourth cavity and stirr, Blood-red colour is 

discharged. 


(4) Sillver nitrate solution 
When silver nitrate solution is added to a neutral or weakly acidic (HNO,) solution of 
thiocyante, a curdy white precipitate of silver thiocyante (AgSCN) appears. The precipitate 
of AgSCN, like AgCI and AgBr, is soluble in ammonia solution, due to the formation of the 
complex, [Ag(NH.).]* ion, but insoluble in HNO.. 
SCN- + Ag* — AgSCN4 
AgSCN(s) + 2NH, — [Ag(NH,),]* + SCN- 
Caution : The ammoniacal solution containing. [Ag(NH;);] should be discarded 
immediately after the test to avoid explosion. 
Separtion of Thiocyanate from Halides 
Silver thiocyanate (pK. ~ 11.92), when digested with a concentrated (~ 1M) solution of 
sodium chloride, undergoes metathesis reaction to form silver chloride (рК. ~ 9.82) setting 
free some thiocyanate ions in solution, which can be detected by ferric chloride test. 
AgSCN(s) + Na* + Ci- — AgCI} + Nam + SCN- 
SCN- + Fe?* -> Fe(SCN)"* (blood red colouration) 
(8) Cobalt nitrate solution 
In dilute acidic solution, thiocyanate reacts with Со?" ion, producing blue colouration due 
of the formation of tetrathiocyanatocobaltate (II) complex, [Co(SCN)?-] ion. 
4SCN- + Co?* = [Co(SCN)?>] 
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In a clean porcelain crucible, mix two drops of the test solution, one drop of cobalt nitrate 
solution (0.5 M) and evaporate the mixture to dryness by warming gently on a hot water bath. 
The residue will be violet coloured, whether thiocyante is present or not. The violet colour 
slowly fades. Add a few drops of acetone and stirr with a glass rod. A blue-green to green 
colouration is produced if thiocyante is present. 

If nitrite is present, a red colour is produced due to the formation of nitrosyl thiocyanate 
(NOSCN). Nitrite should be removed by boiling with ammonium chloride (cf. p-353). 

Limit of identification : ly of SCN- 
Limit of dilution г | : 5x10*. 


(6) Copper sulfate solution 


When Cu?* ion reacts with thiocyanate ion, a green colouration is first produced possibly 
due to formation of complex ion of the type, Cu(SCN)', and finally a dark green to black 
precipitate of Cu(SCN), is formed. 

SCN- + Cu** — [Cu(SCN)*] 
2SCN- + Су?" — Cu(SCN),+ 

The black precipitate of Cu(SCN), is transformed to a white precipitate of cuprous 
thiocyanate (CuSCN) on treatment with SO, - water, which reduces Cu?* to Cu’, 

2Cu(SCN),/(s) + SO, + 2H,0 + 2CuSCN+ + 2SCN- + 502- + 4H* 


If Cu?* is first reduced with SO,-water and then treated with thiocyanate, white precipitate 
of CuSCN is directly formed : 


2Cu** + SO, + 2H,0 — 2Cu* + 5047 + 4H" 
Cu? + SCN- — CuSCN+ 


(a) Place 1 drop of dilute copper sulfate solution on a spot plate. Add 1-2 drops of the 
test solution. A transient green colouration appears, which is followed by a black precipitate. 
Now add 1 drop of dil. H,SO, (~ LN) and drops of 50, -магег (or a crystal of sodium sulfite) 
and stirr with a glass rod. The black precipitate gradually becomes white. 

(b) Place a drop of copper sulfate solution on a spot plate, add | drop of dilute H,SO, 
(~ 1N) and drops of SO,-water (or a crystal of sodium sulfite) until the blue colour of copper 
sulfate is discharged. Add a drop of the weakly acidic test solution, A white precipitate appears 
if thiocyante is present. 

CAUTION : The following reactions of thiocyanate produce poisonous gaseous 
products, These reactions should not be carried out in the open, May be done with great 
caution only under a FUME CUPBOARD with adquate exhust arrangement. 


(i) Reaction with dilute nitric acid pas 
Thiocyanate decomposes on warming with HNO,, producing nitric oxide and hydrogen 
cyanide (POISON) : 
SCN- + H* + 2NO," — 2NOT + НСМ? + SO, 


With conc. HNO,, the reaction is vigorous and both CO, and NO gases are produced, 
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(ii) Zinc-dilute HCI 

Poisonous HCN and H,S gases are produced when thiocyanate reacts with Zn and dilute 
hydrochloric acid, 

SCN- + Zn + ЗНСІ — Zn? + H,ST + НСМ? + 3СІ- 

(iii) Mercuric nitrate solution (POISON) 

A white precipitate of mercuric thiocyanate ts formed when mercuric nitrate solution reacts 
with thiocyanate. The precipitate is soluble in excess of the thiocyanate solution due to the 
formation tetrathiocyanatomercurate (11) or mercurothiocyanate, He(SCN e complex ion. 


2SCN- + Hg^* — Hg (SCN),+ 
Hg(SCN),(s) + 28CN* — [Hg(SCN)7-] 


CAUTION : Precipitated mercuric thiocyanate on heating, swells up enormously, forming 
а poisonous polymeric cyanogen derivative, known as ‘Pharaoh's serpents '. 

Confirmation 
(1) Ferric chloride test (cf p.-377) 
(a) Thiocyanate in presence of iodide 

lodide ion interferes in the test as Ее?” oxidizes I~ to 1,, which forms a brown colouration, 
If jodide ts present this test should be modified as follows. 

To ! drop of very dilute ferric chloride solution on a spot plate, add 1-2 small crystals 
of ferrous sulfate (or Mohr's salt) and mix with a glass rod. In the resulting Fe?* — Fe?* mixture, 
the proportion of Fe?* : Fe?* is so small that the formal potential of the Fe?*/Fe?* couple 
(E" = 0.77 volt) is apprecibly lowered to such a value that Fe** ion of this couple fails to 
oxidize iodide of the 1,/217 couple (E? = 0.53 volr) but its concentration is sufficent to produce 
à recognisable blood red colouration with thiocyanate ion. 

(a) Place | drop of very dilute FeCl, solution on a spot plate, add 1-2 crystals of ferrous 
sulfate (or Mohr's solt) and | drop of dil. HCI (~ 0.5M), mix with a glass rod. Add a drop 
of this Fe?*/Fe?* mixture on a drop reaction paper and allow to dry. Now add | drop of the 
weakly acidic (< 0.5M) test solution. A red brown fleck or ring is produced if thiocyanate 
is present. 

Limit of identification : 0.34 of SCN- 
Limit of dilution : | : 1.6*10°. 

(b) Thiocyanate in presence of sulfide, thiosulfate, and iodide 

lodine-azide reaction is catalysed by SCN^, S?" and 5,047 ions and they interfere each 
others detection. lodide is oxidized to iodine by Fe?* ion. Brown colouration due to iodine 
or (1,7 ion) spoils the FeCl, test of thiocyanate. Interference due to all these three ions e.g, 
52-, $,0j" and I- may be eliminated by treating the test solution with 1-2 drops of mercuric 
chloride solution. Sulfide is precipitated as acid insoluble black HgS. Thiosulfate reacts with 
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НЕСІ. precipitating black HgS with liberation of H* ion. lodide is precipitated as red Hgl,, 
or forms a colourless soluble complex [Hgl?"] ion, which does not interfere with the test of 
thiocyanate. A small amount of potassium chloride is to be added to the mercuric chloride 
solution to prevent the hydroyisis of mercuric ion in aqueous solution. KCI and HgCl, react 
to form soluble chloro complexes, K[HgC 1.) and K;[HgCl,]. 
S^ + НЕСІ, =» HgS4 + 2Cr 
$01 + HgCl, + H,O + HgSt + 5027 + 2H* + 2CI- 
2l + HgCl, > Hgl,+ + 2CI- 
АГ + НЕСІ, =» [НЫ] + 2Cr 
If the test solution after treatment with mercuric chloride solution is centrifuged, the 
centrifugate will be free form 52°, S,0,% and free 1- ions. The centrifugate may now be tested 
with 
(1) Ll-azide reagent (cf. p.-377) 
(ii) FeCl, reagent (cf p.-377). 
Limit of identification : 10y of KSCN is presene of 360y of Na,S,0. 5Н,0. 
(2) Copper sulfate-Pyridine reagent 
When thiocyanate in neutral solution reacts with Cu(II) salt solutions containing a few drops 
of pyridine (py), a vellowish-green precipitate of the complex, [Cu(py),(SCN),], is formed. 
The complex dissolves in chloroform, producing an emerald green solution. 
Caution : Pyridine is poisonous, excess pyridine should be avoided. It should not be inhaled. 


Cu?* + 2N C) ) + 2SCN- > [(Cu(py),(SCN),]+ 


(py) 
Take 1-2 drops of 1% copper sulfate solution in a semi-micro test tube, add 2 m/ of water, 
1-2 drops of pyridine, | тї of chlorform and then a few drops of the neutral test solution 
Shake the mixture thoroughly. The chlorform layer assumes a green colour if thiocyanate is 
present, 
Limit of dilution г | : 5x10, 


5.9. Reactions of Sulfate (5027) 

Barium, strontium and lead sulfates are insoluble. Calcium sulfate, mercuric sulfate are 
slightly soluble. Basic sulfates of chromium, mercury and bismuth are sparingly soluble in water 
but dissolve in dilute НСІ and HNO,. Sulfates of all other metals are soluble in water. 


Indication 

There is practically no preliminary indicative test for sulfate, that can be directly applied 
on the solid sample. It is convenient to test for sulfate with the aqueous extract or the Na,CO, 
extract or the Na,CO, fusion extract of the sample. In any case, the test solution should be 
acidified with dil. НСІ or dil. HNO,, for not to be mistaken, since sulfites, phosphates and 
carbonates also form precipitates with the reagents used for testing sulfate. 
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(1) Barium chloride solution 
Take | ml of the acidified test solution in a semi-micro test tube, add | drop of BaCl, 
solution (0.25M). A heavy white precipitate of BaSO, appears. 
SO; + Ba" — BaSO,+ 
The precipitate is insoluble in hot dilute НСІ or HNO, (distinction from СОХ, 1^ and 
POJ ) but moderately soluble on boiling with сопс. НСІ or НМО,, 


(2) Leard acetate solution (0.25M) 


To | ml of the test solution acidified with dil. HNO, (not dil. НСІ, since PbCI, is sparingly 
soluble), add 1-2 drops of lead acetate solution. Heavy white precipitate of lead sulfate appears. 


SO; + Pb(CH,COO), > PbSO,} + 2CH,COO" 


The precipitate is soluble in hot conc. H,SO,, hot solutions ammonium acetate, ammonium 
lartarate and sodium acetate. 


(3) Silver nitrate solution (2094) 


To 1-2 drops of the concentrated test solution, acidified with dil. HNO, (not dil. HCI, as 
AgCI is sparingly soluble), add drops of 20% silver nitrate solution. White crystalline precipitate 
of silver sulfate (Ag,SO,) appears. 


SO, + 2Ag* > Ag, SO, 


(4) Mercuric nitrate solution (POISONOUS) 


To 1-2 drops of the neutral test solution, add drops of mercuric nitrate solution (not 
containing much acid). Yellow precipitate of basic mercury (II) sulfate appears at once and 
the resulting mixture becomes acidic : 


SO; + 3Hg" + 2H,0 — HgSO,.2HgO + 4H* 


This test is so sensitive for sulfate that it is responded by even suspensions of lead, barium 
and strontium sulfates : 
MSO,(s) + 3Hg** + 2H,0 — HgSO,2HgO4 + M?* + 4H* 
(M = Pb, Ba and Sr) 
(5) Barium carbonate-Phenolphthalin test 


Sparingly soluble barium carbonate reacts with soluble sulfates, precipitating insoluble 
barium sulfate, setting free carbonate ion in aqueous solution. Hydrolysis of carbonate ion gives 
an alkaline solution, which turns colourless phenolphthalin indicator pink coloured, 


BaCO, + SO} — BaSO, + COT 
CO + Н,0 + HCO, + OH- 
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Onlv silicofluoride (SiFZ- ) ion interferes. The test solution must be neutral. If Na,CO, 
extract or Na CO, fusion extract is used, it should be neutralized with dil. HCI. The resulting 
solution should be evaporated to dryness to remove any excess HCI before adding BaCO.. 

In a small porcelain crucible mix 1 drop of the neutral test solution with | drop of pure 
BaCO; suspension and evaporate the mixture on a hot water bath. Add | drop of 1% 
phenolphthalin indicator solution in (1:1) ethanol-water mixture. A pink colouration appears 
if sulfate is present. Compare with a blank, since BaCO, shows slight alkalinity. 

Limit of identification г Sy of Na,SO, 
Limit of dilution : | : 10,000 


Confirmation 


(1) Potassium permanganate-Barium sulfate test 


54 + э» » n "LD ; 
When Ba** ion and SO; ion react to produce the white precipitate of BaSO, in presence 


of permanganate ( MnO, ) топ, barium sulfate includes some permanganate ions in its lattice, 
ultimately producing a violet precipitate, Permanganate ion thus retained in the crystal lattice 
of BaSO,, is rendered unreactive and quite resistant to all reducing agents, which normally 
reduce permanganate instantaneously, e.g, oxalic acid, Н,0,, SO,-water, sodium nitrite etc. On 
the other hand, the purple colour of the excess permanganate jon in the solution is discharged 
by these reagents, rendering the violet coloured BaSO,-KMnO, precipitate clearly visible. 
Take 3-4 drops of the test solution in a semi-micro test tube, add dil. HNO, (not dil. HCI 
as НСІ reduces MnO, ion) until acidic. Add 1-2 drops of saturated potassium permanganate 
solution and finally 1-2 drops of barium nitrate solution (0.25 M) (not barium chloride as CI- 
ion reduces MnO,' ion). Place the test tube on a hot (70-80°С) water bath for 7-8 minutes. 
Centrifuge and remove the clear pink coloured centrifugate. Wash the residue with water by 


centrifugation. A violet coloured residue is formed if SO?" is present. Add 1-2 drops of H,0, 
or а crystal of oxialic and a drop of dil. HNO, to the residue. The pink colour of MnO, 
in the residue is not discharged, On the other hand, add 1-2 drops of HO, or 1-2 crystals 
of oxalic acid to the pink coloured centrifugate, warm slightly. Pink colour of MnO,~ is 
discharged. 

Limit of identification : 2.5y of H,SO, 

Limit of dilution : | : 2104 
(2) Test with barium rhodizonate 

Reagents : (1) 0.1% solution of sodium rhodizonate. 
(ii) 0.25M barium chloride solution. 

Ba?* ion reacts with rhodizonic acid (1) or sodium rhodizonate (1a) to form red-brown 
precipitate of barium rhodizonate (2). If the reaction is carried out on a filter paper, the 
precipitate of barium rhodizonate is stable towards dilute HCI (or HNO,), but sulfuric acid 
and sulfate salts cause immediate decolourization, due to the formation of insoluble barium 
sulfate. 








SO, , 2H” 
О О 
Ü О OH 
N pal + 2Na” + BaSO gd, 
о О OH 
О О 
(1a) (2) (1) 


(a) Place one drop of barium chloride solution on a drop reaction paper and allow the 
spot to dry. Add | drop of 0.1% sodium rhodizonate to the spot. A red fleck is formed. Now 
add | drop of slightly acidic or neutral test solution. The red fleck of barium rhodizonate 
disappears if sulfate is present. 

(b) Altenatively, place | drop of barium chloride and | drop of 0.1% sodium rhodizonate 
on a spot plate and stirr with a glass rod. A red-brown coloured suspension of barium rhodizonate 
is formed. Add a drop of the neutral or slightly acidic test solution. The red-brown colour 
is discharged if sulfate is present. Compare with a blank. 

Limit of identification : 5y of Na,SO, 
Limit of dilution : | : 10,000 


(3) Test for Insoluble Sulfates (Reductive fusion tests) 
(a) Insoluble sulfates such as BaSO,, SrSO,, PbSO, are conveniently reduced to sulfide 
by fusing with metallic sodium or potassium in a fusion tube. 
M''SO, + 8M! — M''S + 4M,lO 
(M = Ba, Sr, Pb; М! = Na, К) 


(b) Alternatively, the insoluble sulfate may be reduced to sulfide with charcoal in a matrix 
of molten NaKCO, (fusion mixture): 


M'ISO, + 4C + Na,CO, — Na,S + 4COT + M!ICO, 


The fused mass is extracted with water and the solution is tested for sulfide with the 
following reagents (cf Sect. 5.7). 
(1) L-azide reaction : 
Discharge of iodine colour with evolution of N, gas. 
(ii) Sodium nitroprusside : 
Violet colouration is produced. 
(iii) Lead acetate-acetic acid : 
Black precipitate of PbS is formed. 
Sulfite, thiosulfate, thiocyanate are transformed to sulfide through these reductive fusion 
reactions. Sulfide and all these anions are to be removed before subjecting the sample for 
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reductive fusion reaction for detection of sulfate. But if the reductive fusion is carried out 
with the dried BaSO, residue obtained on treatment of the test solution with barim chloride 
solution in presence of HCI, interference due to S* so E S,01^ are eliminated, since barium 
salts with these anions are soluble in dil. HCI. 

Limit of identification : 36y of BaSO Р 

Limit of dilution : 1:1400 
5.10. Reactions of Fluoride (F-), Bifluoride (HF,) 


Fluorides of lead, barium, copper, iron (III), lithium are slightly soluble and those of other 
alkaline earth metals are insoluble. Sodium, potassium and ammonium fluorides are soluble 
in water. Hydrogen fluoride (HF) is highly soluble in water and its aqueous solution is 
moderately acidic, 


HF SH +E pK" = 3.2 (25°C) 
HF + F- «ё HF 
Consequently, aqueous solutions of normal fluorides (NaF, KF) are alkaline due to 
hydrolysis of F^ ion, 
F- + HO = HF + OH” 
Ammonium fluoride, NH,F, in aqueous solution is nearly neutral due to hydrolysis of both 
NH, and F- ions : 
NH,F — NH; + F- 


NH; = H* + NH, pKNu, = 92 
F-+H* е HF -. рК, = 32 
Net reaction; NH? + F^ = NH, + HF 7. [NH4] : [НЕ] = 1:1 


© [NH;] : [F] = 1:1, 


н рн . [H']INH;] [HEF] | ys 
Kun, Kur Y “ТЫН C [HF] x [H р 
^ ДН] = 4(pKNy, + Кар) = 2092 + 32) = 61 


Alkali metal hydrogen fluorides (KHF,) and ammonium bifluoride (NH,HF,) may be 
regarded as 1:1 mixtures of salts (KF or NH,F) and HF, i.e. a(1:1) mixture of a week acid 


(HF) and its salt (KF or NH,F). NH; ion is too weakly acidic ( pK hy , = 92) in comparison 


to HF ( рК! = 32). So, NH, ion practically remains neutral. Thus, the p[H] of an aqueous 
solution of ammonium bifluoride will be in the moderately acidic region. 


РЇН] = рК}, + log oh = 32 + loe = 32 
(5 [Е] = [HF)) 





Therefore, examination of acid - base nature of the aqueous extracts of salts of HF will 
give information as to whether the fluoride salt is a normal fluoride or a acid fluoride (or 
bifluoride). 


Indication 
(1) Hot concentrated sulfuric acid 


(CAUTION : Test to be conducted in FUME CUPBOARD) 

As HF ts a volatile weak acid, fluoride/hydrogen fluoride salts are decomposed on treatement 
with hot conc. H,SO,, when hydrogen fluoride (HF) is set free. HF has а profund tendency 
to attack glass and other silicate materials. If the test is conducted in a glass test tube, the 
liberated HF tends to adhere to the wall of the test tube, forming bubbles while moving upward 
and reacts with the silicate (or silica) materials of glass, producing silicon tetrafluoride gas, 
resulting in an oily appearance in the test tube, 


CaF, + H,SO, — 2НЕ? + CaSO, 
SiO, + 4HF/(g) — SiF,* + 2H,0 


Now, if a drop of water at the head of a glass rod is held in the issuing vapour, the water 
drop becomes opaque due to the formation of silicic acid (H,SiO0,) and hexafluorosilicic acid, 
H.[SiF,}. 

3SiF,T + 3H,0 — 2H,[SiF,}) + Н,510,4 


Note : Gaseous hydrogen fluoride exists as dimeric species (Н,Е,) at room temperature 
and as monomeric species (HF) at elevated temperature (90°С). 

(a) Mix small amount (< 0.1g) of the solid sample with 3-4 drops of conc. H,SO, in a 
semi-micro test tube. Plug the test tube with a piece of clean cotton wool (Fig. 3.27). Warm 
the test tube gently on a small flame. Oily bubbles adhering to the wall of the test tube appear. 
Hold a drop of water at the head of a glass rod or a dropper (Fig. 3.27b) to the issuing vapour. 
The water drop turns opaque. 

(b) In a slight modification of the above test, add a small crystal of K,Cr,O, along with 
conc. H,SO, and warm gently as before. Formation of oily bubbles are clearly visible against 
the dark brown back ground of the resulting solution. 


Reactions of fluoride ion in solution 
Aqueous extract or Na,CO, extract or Na,CO, fusion extract after neutralization may be 


| tested for fluoride. 


(1) Ferric chloride solution 


To | ml of concentratd neutralized test solution add a few drops of FeCl, solution (0.5M). 
A white crystalline precipitate appears due to the formation of hexaflouroferrate (III) salts: 

| 6NaF + FeCl, + Na,[FeF,]} + 3NaCl 

The precipitate does not respond to any reaction of Fe(III), except on acidification. 








(2) Calcium chloride solution 


To | ml of concentrated neutralized test solution of the sample, add a few drops of calcium 
chloride solution (0.5M). White slimy precipitate of calcium fluoride (CaF,) appears. 
2F- + CaCl, — СаР„+ + 2Cr 
The precipitate is slightly soluble in acetic acid but more soluble in dilute hydrochloric acid. 
(3) Silver nitrate solution 


No precipitation occurs, since silver fluoride is soluble. 

Confirmation 

(1) Zirconium-Alizarin lake test 

Reagents | 

(i) Zirconyl chloride (0.1M) : Dissolve 3.2g of ZrO,Cl,.8H,0 in 10 ml of 2M HC! solution 

and dilute to 100 ml. 
(ii) 0.1% solution of alizarin-S : Dissolve 0.10 of sodium alizarin sulfonate monohydroate, 
C,,H,O,.SO,Na.H,O in 100 т! of water. 

Zirconium salts react with alizarin red-S or alizarin (1) reagent in hydrochloric acid medium 
to produce a redish-violet adsorption product, i.e, zirocnium-alizarin lake (2). Upon addition 
of a soluble fluoride salt, the red-violet colour is discharged, as the adsorption complex is 
decomposed due to the formation of hexafluorozirconate (ТУ ), [ZrF?-] ion, arising from strong 
hard-hard interaction between Zr(IV) and F^ ions. 


Zr(IV yHCI, НО 
ZrO(OH) 
| | — 
О OH О О 
OH 6F OH 
X mu X 
| [ZrF, | Ó 
vellow colourless red-violet 


X = Н (alizarin), SO; Na (alizarin-S) 
(1) (2) 


| rari гаг of 0.1 (M) 
On a spot plate, mix 2 drops of 0.1% alzarin-S (or alizarin) reagent, 2 drops | 

zirconyl icd (or nitrate) solution and a drop of dil. HCL A redish-violet colouration or 
a precipitate is formed. Add drops of the slightly acidic test solution and. mix with a glass 
rod. The red-violet colour is discharged leaving a clear yellow solution of the free reagent. 
if fluoride is present. 

Limit of identification > |y of F^ ion 

Limit of dilution : 1:5х10%. 
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(2) Zirconium-Azoarsonate test 


Acid solution of Zr(IV ) salts react with the red coloured reagent, p-dimethylaminoazophenyl 
arsonic acid (1), producing a brown precipitate, probably of the complex (2). On addition of 
a soluble fluoride salt, Zr(IV) produces colourless [ZrF7-] complex ion, setting free the red 


coloured reagent. 
HNO) N=N LO} AsO(OH), 
(1) 


О 


|| 
O-Zr-O 


| | 
нол-(С)у-х=к-(О)у-{-0-®=о 
О 


(2) 


Reagent : Zirconium azoarsonate paper : 

Prepare а 0.025% solution of p-dimethylaminoazopheny! arsonic acid in 9:1 ethanol : НСІ 
medium. Soak strips of Whatman No. | filter paper in this solution and allow the papers to 
dry in air. The filter paper strips are coloured bright red. Now place the filter papers in a 
0.01% zirconium oxychloride (or oxy nitrate) solution in 1M HCI. The paper strips at once 
turn brown. Keep the paper strips as such for ~ 10 minutes. Then wash the paper strips first 
by placing them in cold 2M HCI solution for 5 minutes, then in warm (~ 55°C) 2M HCI solution 
for another 5 minutes and then with distilled water. Finally rinse the paper strips with alcohol 
and ether and dry in vacuo. Preserve the strips in a stoppered bottle. 

Place 3 drops of neutral/alkaline/or weakly acidic test solution on a spot plate, add | drop 
of 2 M HCI and mix with a glass rod. Transfer | drop of this mixture, using a capillary dropper, 
to the light brown coloured zirconium azoarsonate paper. If fluoride is present, the middle of 
the moist fleck will be colourless surrounded by a red circle due to the free dye stuff. 

Limit of identification : 0.25y of F^ 
Limit of dilution : 1-2*10° 


(3) Benzidine blue-Molybdeneum blue test 


Reagents ; 
(i) Ammonium molybdate : Dissolve 1.5g of ammonium molybdate in 30 mi of water and 
pour this solution into 10 ml of conc. HNO, (Sp. gr. = 1.2). 
(ii) Benzidine : 1% solution of benzidine in 10% acetic acid. 
Both soluble and insoluble fluoride salts on warming with concentrated sulfuric acid in 
presence of silica (SiO,) or in a glass test tube, produce volatile silicon tetrafluoride, 51Р, 
gas (b.p.-65°C), If this SiF, gas is absorbed in a drop of water, it undergoes hydrolysis to 
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produce the precipitate of silicic acid ( Н;8510, or H,SiO,) and hexafluorosilicic acid H.[SiF, ] 
which render the water drop opaque (discussed before). When allowed to react with ойна 
molybdate in presence of nitric acid, both these products are converted to silicomolybdic acid, 
H,[Si(Mo40.),]. Simple molybdic acid, (MoO, or Н,МоО,) does not oxidize benzidine (1) 
to benzidine blue (2), but silicomolybdie acid does so in acetic acid medium with concurrent 
reduction of itself into molybdenum blue, which is a mixture of varying proportions of Mo 
(VI) and Mo (V) oxides [chief constituent of molybdenum blue is Mo,O,, = Мо,О,. 2M00,I. 
Silica is to be used in excess to prevent the loss of HF. * 


MF, + H,SO, — 2HF^ + MSO, (M = Ca, Na, etc.) 
SiO, + AHF(g) — SiF,T + 2H,0 
3SiF (g) + 4H,0 — H,SiO,) + 2H,[SiF,]L 
H,SiO,/s) + 12MoOj" + 24H* + H,{Si(Mo,0,),] + 10H,0 
H,SiF,¢s) + 12MoOj" + 24H* — H,[Si(Mo,O,),] + 6HF + 6H,0 


| CH,COOH 
(1) 


(2) 

Mix a small amount (~ 0.1g) of the powdered solid sample with 3 times its bulk of pure 
silica and place the mixture in the glass reaction tube having a glass stopper with bulb or 
a glass dropper at its head. Open the reaction tube, add 3-4 drops of conc. H,SO,. Place a 
piece of clean cotton wool inside the tube avoiding contact with H,5O,. Hold a drop of water 
at the bulb head of the glass stopper or the dropper and fix the same upon the reaction tube 
(Fig. 3.27b). Warm the reaction mixture gently for a few minutes avoiding bumping, until the 
water drop appears opaque. Now transfer the opaque water drop to а spot plate, add | drop 
of nitric acid, | drop of ammonium molybdate and mix with a glass rod. Add | drop of benzidine 
reagent and a crystal of sodium or ammonium acetate. Blue colouration appears very shortly 
if fluoride is present in the sample. Run a blank test. 

Limit of identification : \y of F^ 
Limit of dilution : | : 5x 104. 


2CH,COOH + 2H" + 2e 





5.11 Reactions of Chloride (СГ) 


Silver chloride (AgCl), mercurous chloride (Hg,Cl,), cuprous chloride (CuCl), bismuth oxy 
chloride (BiOCI), antimony oxychloride (SbOCI), mercuric oxychloride [Hg,OCI,] are insoluble 
in water. Lead chloride (РЬСІ.) is sparingly soluble in cold water but readily soluble in hot 
water. Chlorides of all other metals are soluble in water. 


Indication 
(1) Hot concentrated sulfuric acid 


Except the chlorides of mercury and silver, chlorides of other metals are decomposed on 
warming with conc, H,SO,, with evolution of hydrogen chloride (НСІ) gas, 


Cr + H,SO, > НСІ? + HSO; 


Place a small quantity (<0.1g) of the solid sample in a dry semi-micro test tube, add a 
tew drops of conc. H,SO,, plug the test tube with a piece of clean cotton wool (Fig. 3.27a) 
and heat gently. White vapour of HC! appears. Perform the following tests with the vapour. 

(i) Hold a moistened blue litmus paper to the issuing gas. Blue litmus turns red, 

(п) Hold a glass rod moistened with ammonia solution to the issuing gas. White cloud 
of ammonium chloride is formed. 


HClig) + NH (g) — NH,Clfs) 
2. Hot concentrated H,SO, + MnO, 

Mix a small quantity of the powdered solid sample with its equal quantity of manganese 
dioxide in a semi-micro test tube, add a few drops of conc. H,SO,, plug the test tube with 
a piece of clean corton wool (Fig. 3.27a) and heat the mixture gently. Greenish-yellow vapour 
of chlorine gas appears as MnO, oxidizes chloride to liberate chlorine and itself is reduced 
to Mn? salt. (Caution : Suffocating pugent smell, don't inhale). 

MnO, + 2H,SO, + 2Cl 2 Mn** + CIT + 25047 + 2H,0 

Perform the following test with the vapour. 

Hold a moistened starch-iodide paper to the issuing gas. The paper turns blue, as iodide 
is oxidized to iodine by Cl, and iodine forms a blue coloured adsorption product with starch. 

Cl, + 2r — L + 2Cr 
3. Chromyl chloride test 

Mix а small amount («0.1g) of the powdered sample with three times its bulk of powdered 
potassium dichromate in a semi-micro reaction tube fitted with a dropper with aid of a cork 
or glass stopper having a capillary receiver tube at its head (Fig. 3.29b). Add a few drops 
of conc. H SO, and fix the stopper accordingly with a few drops of 2M NaOH solution at 
its capillary head. Heat the mixture gently avoiding bumping. The drop of NaOH solution held 
in the capillary head turns yellow coloured if chloride is present in the sample. Conc. H,SO, 
reacts with chloride salts to produce HCI and with dichromate to produce cromic acid, CrO.. 


A "| 
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In presence of conc. H,SO,, chromic acid reacts with НСІ to produce deep red vapours of 
chromyl chloride (CrO,Cl,), which is absorbed in the NaOH solution to produce yellow solution 


of chromate (C rOj ). 
2CIl- + H,SO, э 2HCIT + SOT 
K,Cr,0, + H,SO, — 2CrO, + [H,SO,.H,0] 
CrO, + 2HCI — СгО,СІ,? + H,O 
Net reaction; АСУ + CrOS^ + 6H* > 2CrO,ChT + 3H,0 
CrO,Cl,(g) + 40H- — Стю + 2Cr + 2H,0 


Perform the following tests with the vellow solution of sodium chromate: 

(i) Place | drop of the yellow solution on a spot plate, add drops of acetic acid until acidic 
and then add | drop of barium chloride. Yellow precipitate of barium chromate is formed. 

СО + Ва2* — BaCrO,4 

Note : Lead acetate is not suitable for this test as white precipitate of PbCl, may mask 
the yellow colour of lead chromate. 

(ii) Place a drop of the yellow solution of sodium chromate on a spot plate, add dil. H,SO, 
until acidic and finally add a drop of diphenylcarbazide reagent (cf. Sect. 4.13). An intense 
violet colouration ts produced, 

Limit of identification : 0.34 of chloride 
Limit of dilution : | : 1.5*10°. 

(iii) Take 1 drop of the yellow solution in a semi-micro test tube, add drops of dil. H,SO, 
(2N) until acidic, | m/ of isoamyl alcohol, 4-5 drops 10% H,O, solution and shake gently. 
A blue colour due to perchromic acid is developed in the organic. layer. 

Note : (i) Under the condition of the reaction of chloride with dichromate and hot conc. 
H,SO,, some chlorine gas is always formed due to oxidation of chloride һу dichromate, which 
is reduced to green Ст) solts : 


6CI- + CrOT- + I4H* — 2Cr* + 3СІ,7 + 79,0 


(ii) Bromide and iodide are oxidized by acid-dichromate to free halogens, which react with 
NaOH solution to give colourless solutions of oxyhalides. If the [V] : [CT ] ratio exced 1:15, 
formation chromyl chloride is prevented, instead chlorine is evolved. lodine is oxdized by 
chromic acid to iodic acid. In presence of hot conc. H. SO, iodic acid (HIO,) oxidizes chloride 
to set free chlorine and regenrates iodide and the new cycle of reaction starts. As a result, 
chromyl chloride test fails. | 

(iii) Fluorides react similar to the chlorides, forming volatile chromyl fluoride (CrO,F,), 
which also reacts with water and NaOH solution to produce yellow colouration due to chromate. 
So, fluoride if present, must be removed. | | 

(iv) Nitrate and nitrites also interfere by producing volatile nitrosyl chloride (NOCI). 
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(у) Chlorides of Pb, Ag, Sb and Sn are only partly converted to сһготу! chloride, as these 
are very weakly dissociated to form chloride ion. Mercury chlorides are so less dissociated 
that they do not respond to сһготу! chloride test. 

(vi) This test must not be performed in presence of chlorates, as dangerously explosive 
chlorine dioxide (CIO,) may be formed. 

(vii) Chromy! chloride test should not be carried out with ammonium dichromate in place 
of potassium dichromate, as thermal decomposition of ammonium dichromate may cause 
explosion and fire. | 


Reactions of Chloride ion in solution 


Aqueous extract or Na,CO, extract of the sample should be neutralized with dil. HNO, 
or ag-NH, solution as required. 


(I) Silver nitrate solution 

(a) To 1-2 drop of neutral or weakly acidic (HNO,) solution containing chloride топ, add 
| drop of silver nitrate solution (0.1 M). Curdy white precipitate of silver chloride appears. 
The precipitate coaugulates or boiling. 

CI- + AgNO, > AgCl + NO; 

Centrifuge, reject the centrifugate, divide the precipitate in to three parts and perform the 
following tests : 

(i) Add a few drops of dilute aqueous ammonia or ammonium carbonate solution to the 
precipitated AgCI. 

The precipitate dissolves, giving a colourless solution due to the formation of [Ag(NH;);] 
complex ion. 

AgCl(s) + 2NH, — [Ag(NH;)3] + СГ 

Add а few drops of dilute HNO, to the ammonical solution containing the [Ag(NH,)5] 
complex. Curdy white precipitate of AgCI reappers, 

[Ag(NH,);] + СІ" + 2HNO, — AgCI% + 2NH,* + 2NO,- 
Limit of identification г |y of HCI 
Limit of dilution : | : Sx10*, 

CAUTION : Discard the ammoniacal solution of [Ag(NH,);] immediately after the test 
to avoid explosion due to the formation of silver nitride, Ag,N (fulminating silver). Don't throw 
the solution into the waste paper busket, since decomposition of dry Ag;N may cause fire. 
Wash out the solution with running water, | 

(ii) Add a few drops of concentrated sodium thiosulfate solution (~ 0.5M) to the precipitated 
silver chloride. The precipitate dissolves giving a clear solution, which gradually turns dark 
on standing, and black precipitate of Ag,S appears rapidly on warming. 


AgClí(s) + 5,05 — [Ag (S,0,)°] + CI- 
[Ae(S,0,)}] = [Ag (5,051 + 5,05 
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2[Ag($,0,)] = Ag,(S,0,) + S03 
Ag,(S,0,)(s) + H,O > Ар,84 + 2H* + SOT 


(tii) Add 1 drop of sodium arsenite solution to another part of the precipitated silver chloride. 
The white precipitate of AgCI gradually transforms into a yellow precipitate of silver arsenite 
(Ag,AsO,), 

JAgCl(s) + AsO ә Ag,AsO,4 +3cr 

Silver bromide and silver iodide do not respond to this test. By this reaction one may 
differentiate chloride from bromide and iodide. 

Note : Bromide, iodide and thiocyante are also precipitated as their silver salts when treated 
with AgNO, solution in dil HNO, medium. While AgCI and AgSCN dissolves in dilute ammonia 
solution, AgBr dissolves in concentrated ammonia. Agl is insoluble even in concenterated 
ammonia. 

(b) Testing chloride in presence of other halides 

Silver nitrate test can be made specific for chloride ion by eliminating bromide, iodide and 
thiocyanate from the solution. This is achieved by treating weakly acidic (acetic acid or HNO,) 
solution containing these ions with hydrogen peroxide in presence of 8-hydroxyquinoline (oxine). 
H-0, oxidizes bromide and iodide to free halogen molecules, which halogenate 8-hydroxyquinoline 
to its trihalo derivatives that precipitate out and do not react with silver nitrate solution. In weakly 
acidic medium, H,O, converts thiocyanate to sulfuric acid and hydrogen cyanide which is 
decomposed by acids. Thiocyanogen (SCN),. produced if any, reacts with 8-hydroxyquinoline in 
the same manner as bromine and iodine. Chloride remains practically unaffected on the addition 
of H,O,. The following procedure is specific for chloride in preaence of other halides. 

Take a drop of the test solution in a semi-micro test tube, add a drop of oxine reagent 
and warm slightly. Add a drop of H,O, and a drop of dilute HNO.. Warm gently for ~ 2- 
3 minutes, centrifuge if necessary. Add | drop of 1% AgNO, solution to the centrifugate. A 
white precipitate or turbidity appears if chloride is present. 

Reagents : (i) 2% solution of oxine in (1:4) acetic acid. 

(ii) 2 parts of “20-volume” H,O, and | part of dilute (5M) acetic acid. 

Silver chloride may be isolated from other silver halides by warming the mixture of halides 
with a (4:1) mixture of saturated ammonium carbonate and ammonia, in which AgCI dissolves 
completely and may be reprecipitated on acidification with HNO,. Only traces of AgBr dissolves 
in this (NH,),CO,/NH, mixture, Ар! remains completely insoluble. 

(2) Identification of silver chloride 

If precipitated AgCI is warmed with potassium ferrocyanide solution, it is transformed into 
more insoluble silver ferrocyanide, although no visible change takes place as both silver chloride 
and silver ferrocyanide are white solids. 


A4AgCI/s) + K,[Fe(CN),] > Ag,[Fe(CN),]& + 4KCI 
pK, = 9.75 pK, = 40.8 





But if the precipitate of AgCI is moistened with a drop of conc. HNO, and then treated 
with K,[Fe(CN), | solution, silver ferrocyanide is oxidized to silver ferricyanide, and the colour 
changes from white to red brown. 

3Ag,[Fe(CN),]/s) + 4HNO, — 3AgNO, + NOT + 2H,O + 3Ag,[Fe(CN),]+ 

Other silver halides react with potassium ferrocyanide and nitric acid in analogous manner. 
(3) Test with silver carbonate 

Neutral solution of halides react with silver carbonate to precipitate silver halides, Carbonate 
ion set free, undergoes hydrolysis, giving an alkaline solution which turns colourless 
phenolphthalin red. 

Ag,CO, + 2Х э 2AgX4 + COT. (X = CF, Br, 1-). 
COi- + H,O = HCO, + OH 

Place a grain of silver carbonate plus one drop of phenolphthalin indicator solution on two 

adjacent cavities in a spot plate. Add 1 drop of the neutral test solution in one cavity and 


a drop of water in the other, Mix well with glass rods. A red colouration appears in the carity 
containing the test solution if a halide ion is present, 


(4) Lead acetate solution 

To | drop of neutral or weakly acidic acid test solution in a semi-micro test tube, add 
| drop of lead acetate solution. A white precipitate of lead chloride appears. 

2Cl + Pb(CH,COO), — PbCI,+ + 2CH,COO* 

Add | т! of water and boil. The precipitate dissolves. Now cool the solution under tap. 
The precipitate reappers. 

Confirmation 
(1) Chromy! chloride test 

(a) Perform chromy! chloride test as described before (cf. p-390). 

(b) Perform chromyl chloride test, using instead of 2(N) NaOH solution, a drop of 1% 
solution of diphenylearbazide in ethanol inside the capillary head of the dropper of the reaction 
tube (Fig. 3.29b). Chromyl chloride evolved, directly reacts with the reagent, producing a violet 
colouration (cf. diphenylcarbazide test for chromium, Cro} Sects. 4.13, 5.18). 

(2) Silver nitrate test 

After oxidation of Br, 17, SCN- if any, with H,O, in presence of 8-hydroxyquinoline as 
described before and separating any precipitate at this stage by centrifugation, add dilute HNO, 
and silver nitrate solution. A curdy white precipitate, soluble іп NH,/(NH,),CO, confirms chloride. 
(3) Test for chloride in insoluble chlorides 

On treatment with Zn dust and dilute sulfuric acid, insoluble chlorides of silver and mercury 
| on of the metals, setting free chloride ion in solution : 








2АрС! + Zn? — Zn** + 2CI- + 2Agl 

Hg,Cl, + Zn? — Zn?* + 2Cl- + 2Hgl 
The unreacted Zn and precipitated metals are removed by centrifugation / filtration. The 
resulting solution should be boiled for some to time remove any H,S that may occur due to 
the presence of sulfide, sulfite, thiocyanate, which produce H,S on treatment with Zn and dil. 


H,SO,. The resulting solution may be tested for chloride as usual. Insoluble bromide and iodide 
are also extracted into the solution by Zn/dil. H,SO, treatment. 


5.12. Reactions of Bromide (Br^) 

Bromides of most metals are soluble in water, except silver, mercury (1) and copper (1) 
bromides, which are insoluble and lead bromide, which is sparingly soluble in water. 
Indication ; 

CAUTION : Perform all tests on solid bromide sample in side the FUME CUPBOARD 
(1) Concentrated sulfuric acid 


To a small quantity (<0.1g) of powdered sample in a semi-micro test tube, add a few drops 
of conc. H SO, and plug the mouth of the test tube with a piece of clean cotton wool (Fig. 
3.27а). 

Redish brown vapour of bromine along with vapour of НВг (that fumes іп moist air) appear, 
as Н,50, oxidizes bromide and displaces HBr from bromide salts : 


2KBr + 2H,SO, > Br,T + SO,T + SO; + 2K* + 2H,O 
The reaction is accelerated on heating. 


(2) Concentrated phosphoric acid 
Take a small quantity (<0.1g) of the sample and 2~3 drops of conc. H,PO, in a semi-micro 
test tube, plug the mouth of the test tube with a piece of clean cotton wool (Fig. 3.27a) and 
warm of gently. 
Fumes of HBr appears. Hold a glass rod moistened with ammonia solution at the issuing 
vapour, The vapour becomes dense cloudy due to the formation of NH,Br. 
KBr + Н,РО, > НВг? + HPO, + K* 
НВг) + NH,/g) — NH,Br/s) 


(3) Manganese dioxide + conc. H,SO, 

Mix a small amount (< 0.1g) of the prowdered sample with equal amount of MnO, in 
a semi-micro test tube. Add 2-3 drops of conc. H,SO,, plug the test tube with a peice of clean 
cotton wool (Fig. 3.27a) and warm gently. 

Redish brown vapour of Br, appears as bromide is oxidized to Br, by MnO, in presence 
of H,SO, (CAUTION). 


2KBr + MnO, + 2H,SO, =» Br,T + Mi?* + 2K* + 2504 + 29,0 
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Perform the following tests with the bromine vapour (cf Fig. 3.294) : 
(1) Hold a moistened blue litmus paper to the issuing vapour. The litmus paper is bleached. 
(ii) Hold a moistened starch - iodide paper to the issuing gas. Blue colouration appears 
as Br, oxidizes I^ to 1, that forms a blue adsorption complex with starch. 
2l + Br, > 2Br + I, 
(iii) Hold a filter paper impregneted with fluorescein reagent to the issuing gas. A red 
colouration is produced as fluorescein is brominated to form eosin, (p-398). 


Reactions of Bromide ion in Solution 


Use aqueous extract or Na,CO, extract after neutralization with dilute HNO, or dilute NH, 
solution as required. 

(1) Silver nitrate solution 

To | mf of neutral or weakly acidic test solution, add drops of dil.HNO, until distinctly 
acidic. Boil for a few minutes (to remove CO,, H,S, SO, etc. if any, from COs, S. SO 
and 5,057 etc. if present), then add a few drops of silver nitrate solution. A pale yellow 
precipitate of AgBr is formed, 

Вг" + AgNO, > AgBr + NO, 

Add | mi of water, centrifuge, reject the centrifugate, divide the residue into three parts 
and perform the following tests : 

(i) Add dilute ammonia solution or saturated ammonium carbonate solution containing little 
ammonia to a part of the precipitate taken in a semi-micro test tube. The precipitate does not 
dissolve (distinction from chloride). 

(ii) To another part of the precipitate, add conc. NH, solution. The precipitate dissolves, 
giving a colourless solution due to the formation of [Ag(NH,);] complex ion. 

AgBrí(s) + 2NH, — [Ag(NH,);] + Br 
Acidify the ammoniacal solution with dil. HNO,, the pale yellow precipitate of AgBr reappears. 
[Ag(NH,)}] + 2HNO, > AgBr? + 2NH,* + 2NO, 

CAUTION : Discard the ammoniacal solution of siver nitrate immediately after test to 
avoid explosion due to the formation of Ag;N (fulminating silver) which explodes readily even 
in wet form. (cf. AgNO, test for chloride). 

(iii) To another part of the precipitated AgBr in a semi-micro test tube, add concentrated 
sodium thiosulfate solution. The precipitate passes into solution. It gradually turns brown and 
finally becomes black due to the formation of Ag,S. These changes are accelerated on warming. 
(cf. chloride tests for the reactions). 

(2) Lead acetate solution 

Take 1-2 drops of the test solution in a semi-micro test tube, add drops of dil. acetic acid until 
acidic and then | drop of lead acetate reagent. White crystalline precipitate of lead bromide 

| 2Br + РЫСН;СОО), — PbBr,L + 2CH,COO" 
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Precipitated lead bromide is soluble in boiling water. Centrifuge the mixture and discard 
the centrifugate. Add 1-2 ml of water to the residue and boil. The precipitate (PbBr,) passes 
into solution, but reappears on cooling under running water, 


(3) Chlorine-water 


It is convenient to use a dilute solution of sodium hypochlorite acidified with dil. HCI, 
which may be considered as hypochlorous acid (HOCI) solution. 
Take | ml of the neutral of weakly acidic (dil. HNO, or dil. acetic acid) test solution and 
| ml of chloroform in a semi-micro test tube. Add 1 drop of chlorine-water (cf. Sect. 3.3) 
and shake. A redish brown colour of the organic layer indicates bromide. Cl,-water oxidizes 
Вг” to set free Br,, which is extrated into the chlorform layer as it is more soluble in CHC 1; 
than in water. 
2Br^(ag) + Cl(aq) > 2Cl (aq) + Br, (aq) 
Br,(ag) = Br,/org) 
Add a few more drops of Cl,-water, and shake. The redish brown colour of the organic 
layer gradually fades out to a pale yellow colour, due to the formation of bromine monochloride. 


Br, + Cl, ^ 2BrCI 
(4) Potassium dichromate + conc. H,SO, 

Unlike chloride salts, bromides do not form chromyl bromide, as bromide is oxidized to 
bromine by dichromate in acid medium. 

Take a small amount («0.1g) of the powdered sample with an equal amount of dry K,Cr,0, 
and a few drop of conc. H,SO, in a semi-micro reaction tube (Fig. 3.29b) fitted with a 
glass dropper having a capillary head at its end. Perform the following tests with this 
arrangement. 

(i) Attach a drop of NaOH solution (~ 2M) at the capillary head and fix the stopper а! 
the mouth of the reaction tube with the aid of a rubber cork. Heat the mixture gently for a 
few minutes. 

The drop of NaOH solution does not assume yellow colour (distination from 
СІ" and Е). 

(ii) Attach | drop of 1% solution of diphenylcarbazide in alcohol at the cappilary head, 
fix the stopper at the mouth of the reaction tube as before and warm the mixture slightly. 
No violet colouration is produced (differen from chloride) (cf Sects. 4.13, 5.18). 

The above two test fail, as the issuing vapor does not contain any chromium (VI) compound 
(i.e. chromyl bromide), since dichromate oxidizes bromide to bromine under the condition of 
the experiment : 

6KBr + K,Cr,0, + 79,50, > 3Br,T  2CP* + 8K* + 7S0; + 79,0 


(5) Concentrated nitric acid 
Hot concentrated HNO, (78M) oxidizes bromide to set free bromine, 
6KBr + 8HNO, — 3Вг,? + 2NOT + 6NO, + 4H;O + 6K" 
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Confirmation 
(1) Fluorescein test 


Reagent : Saturated solution of fluorescein in (1:1) elhanol-water medium. 

Free bromine resulting from oxidation of bromide by a suitable oxidizing agent (PbO,, 
CrO., H,0,) reacts with yellow coloured fluorescein (1) and brominates it to red coloured 
tetrabromo fluorescein or eosin (2). 


Br Br 


HO О) O HO О О) 
LI ч аўт + 4Br, — | «ABr +4H" 
CT В C Br 
EL oe 94 


(1) (2) 


Filter paper impregnated with fluorescein reagent has a vellow colour, and turns red on 
coming in contact with Br, vapour. Chlorine tends to bleach the reagent and iodine forms red 
violet coloured tetraiodofluorescien or erythrosin, hence. CI’ and |^ should be absent, or if 
present, these should be rendered unreactive. 

For generation of free Br, from bromide, it is best to warm the sample with lead dioxide, 
or chromic acid, or hydrogen peroxide in presence of acetic acid (HAc) : 


2Br + PbO, + 4HAc — Pb(Ac), + 2Ac- + 2H,0 + Вг,? 
6Br + 2CrO, + 12НАс — 2Cr(Ac), + 6Ac^ + 6H,O + 3Вг,Ї 
2Br- + H,O, + 2НАс — 2Ас- + 2Н,0 + Вг, 7 


(a) If PbO, is used as the oxidant, chloride is not oxidized, however, bromide and iodide are 
oxidized to the corresponding halogens. Н,О, can even oxidize iodide to iodate and eliminates 
the interfering action of iodide. The test is best accomplished in the following procedures. 

Place 1-2 drop of neutral or weakly acidic (acetic acid) test solution along with a few 
particles of lead dioxide and ~ | m/ of acetic acid (or a few drop of chromic acid) іп a semi-micro 
reaction tube having a funnel stopper and a filter paper (Whatman No. 1) impregnated with 
fluorescein solution laid over the funnel (Fig. 3.30b). Warm the contents gently inside а FUME 
CUPBOARD. Depending upon the amount of bromide present, a red circular fleck is formed 
on the vellow reagent paper. 

Alternatively, a reaction tube fitted with a glass dropper with a capillary end (Fig. 3.29b) 
may be used, with a drop of the fluorescein solution held at the capillary head. The yellow 
colour of the reagent changes to red in contact with bromine. 

Limit of identification ; 2y of Br, 
Limit of dilution : 1:2.5x10*. 
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(b) Bromine may be liberated from bromide by H-O, and the following procedure is 
recommeded for detection of bromide. E 
Take 1-2 drops of the neutral or weakly acidic (acetic acid) test solution on a clean porcelain 
crucible, add | drop of 1% alcoholic fluorescein reagent using a capillary dropper and | drop 
of a 10:1 mixture of glacial acetic acid and 3094 H4O,. Place the crucible оп a hot water 
bath (inside a FUME CUPBOARD) and evaporate the mixture to dryness. A pink to red colour 
appears if bromide is present. Run a blank test using a drop of water in place of the test solution. 
Limit of identification : 0.3y of Br, 
Limit of dilution : \:\ 65х10, 


(c) Detection of bromide in presence of iodide 

If iodide is also present along with bromide, the test for bromide has to be carried out 
on the filter paper. Under this condition iodide is a oxidized to iodate by H,O.,, whereas, bromide 
is oxidized to bromine, which is absorbed by the filter paper and reacts with the reagent if 
the filter paper is impregnated with it. 


| + 3H,0, -> IO. + 3H,0 
2Вг + H-0, + 2HAc > Вг,? + 2H,O + 2Ac 


Prepare an oxidizing mixture by mixing 2 parts of 6% Н,О, with 1 part of glacial acetic 
acid on a spot plate. Place | drop of neutral or weakly acidic (acetic acid) test solution on 
a Whatman No. | filter paper strip and allow the spot to dry. Add one drop of the oxidizing 
mixture covering the spot of the test solution and allow the paper to dry. If iodine colour is 
still visible, repeat the treatment with the oxidizing mixture, always drying the paper after 
addition until the iodine colour is no longer visible. Now add 1 drop of 1% alcoholic solution 
of fluorescein and warm the paper by placing it on a watch glass covering a beaker containing 
boiling water. A red ring or a stain developes if bromide is present. 

Limit of identification : 0.37 of Br, 
Limit of dilution : 1:1.6*10°. 


(2) Fuchsin (Maganta) test 

Reagent : 0.1% solution of fuchsin just decolourized by sodium bisulfite solution. 

The basic triphenylamethane dye stuff, fuchsin, is rose-red (maganta) coloured due to the 
quinoidal structure (1) of its cation. The dye is decolourised by neutral solution of bisulfite 
to a colourless product, N-sulfinic acid of p-fuchsin-leuco-sulfonic acid (2). Bromine converts 
this colourless dye stuff into a blue or violet coloured brominated dye stuff. Neither chlorine 
nor iodine can affect the colourless fuchsin bisulfite compound (2). Hence this reaction is most 
suitable for detection of bromide in presence of chloride and iodide. 





N^H,JCE HO,S - NH 


C à : 
HN“ E А “МН, Н.М $0,H NH, 
CH, 
(1) | 


CH, 
(2) 
rose-red colourless 
Place 1-2 drops of the neutral or weakly acidic test solution (or a small amount (0.19) 

of the powdered sample) in а semi-micro reaction tube fitted with a dropper with the aid of 
a rubber cork. Add 2-4 drops of 25% chromic acid solution and hang a drop of the reagent 
solution at the capillary head of the dropper and close the reaction tube with the stopper (Fig. 
3.29b). Warm the contents gently (don't boil) for a few minutes. After a short period, the reagent 
drop in the capillary head assumes a violet colour. 

Limit of identification: 3y of Вг 

Limit of dilution: | : 5 x 104 


5.13 Reactions of lodide (17) 


lodides of silver, mercury (1), mercury (II). copper (1) are sparingly soluble. lodides of most 
other metals are soluble like the chlorides and the bromides. 


Indication 


CAUTION : All dry tests involving evolution of iodine vapour should be carried out inside 
а FUME CUPBOARD. 


(1) Dry test tube heating 


Some iodides decompose on heating, violet vapour of iodine appears, which deposites as 
violet to black crystals on the cooler part of the test tube (sublimate). 


(2) Concentrated suluric acid 
When iodide salts are heated with conc. H,SO,, violet vapour of І, appears as H,SO, 

oxidizes iodide to iodine. Some hydrogen iodide is also formed. Sulfuric acid is reduced to 
various products, eg. SO,, S and H,S : 

I + H,SO, + HIT + HSO,- 

21- + 2H,SO, — 1,7 + 504° + 2Н,О + 50,7 

61- + 4H,S0, > 31,7 + 3507 + 4H,0 + 54 

BI- + SH,SO, — 41,7 + 48037 + 4H,O + H,S7 
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Place а small amount (<0.1g) of the dry sample in a semi-micro test tube, add 1-2 drops 
of conc. H580,. Plug the test tube with a piece of clean cotton wool (Fig. 3.27a). Heat the 
mixture gently. Violet vapour appears if iodide is present. 

(2) Concentrated sulfuric acid + MnO, 

Mix à small amount (<0. 1g) of the sample with equal amount of manganese dioxide and 
|-2 drops of conc. H4SO, in a semi-micro test tube. Plug the test tube with a piece of clean 
cotton wool (Fig. 3.27a) and heat the mixture gently. Dense violet vapour of |, appears as 
MnO, oxidizes iodide to set free L, and itself is reduced to colourless Mn (Il) salt. 


21- + MnO, + 2H,SO, > LT + Mm?* + 2507 + 2H,0 


(3) Concentrated H,SO, + K,Cr,0, 
In presence of sulfuric acid, dichromate oxidizes iodide to set free iodine and itself is 
reduced to green Cr (III) sulfate. 
61- + С.О?” + 79,50, > 3LT + 2Cr* + 7504 + 79,0 
Mix a small amount (< 0.1g) of the sample with equal amount of K4Cr,O, and 1-2 drops 
of conc. H,SO, in a semi-micro test tube. Plug the test tube with a piece of clean cotton wool 
(Fig. 3.27c) and heat gently. Violet vapor of L, appears. Hold a drop of NaOH solution (~2M) 


using a capilliry dropper at the issuing gas, the drop does not become yellow ( difference from 
chloride). 


(4) Concentrated phosphoric acid 
Place a small amount (<0.1g) of the sample and 1-2 drops of conc. H,PO, in a semi-micro 
test tube, Plug the test tube with a piece of cotton wool (Fig. 3.27b) and heat gently. Colourless 
vapour of HI appears, which intensifies on contact with ammonia due the formation of 
ammoninium iodide. 
г + H,PO, > НІ? + H;PO, 
Hig) + МН, (е) — NH;l(s) 
Reactions of lodide ion in Solution 
Tests with aqueous extract or neutralized Na,CO, extract. 


(1) Tests involving precipitation of iodide salts 

(i) Silver nitrate solution 

To 1 drop of neutral or weakly acidic (HNO ) test solution add | drop of silver nitrate 
solution. Curdy yellow precipitate of silver iodide appears. 

l- + AgNO, — Agl} + NO. 

The precipitate of Agl is insoluble in dil. HNO,, dilute ammonia (distinction from chloride). 
concentrated ammonia (distinction from bromide), but readily soluble in concentrated solution 
of sodium thiosulfate, producing a clear solution, which gradually turns brown. finally black 
due to precipitation of Ag,S. This transformation is accelerated on warming. (cf. Chloride tests). 
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(ii) Lead acetate solution 
To 1-2 drops of the neutral or weakly acidic (acetic acid) test solution, add | drop of lead 
acetate solution, Yellow precipitate of lead iodide appears, 
215 + Pb(CH,COO), — Pbl,} + 2CH,COO™ 
The yellow precipitate of lead iodide dissolves on boiling with water, forming a colourless 
solution and reappears as golden vellow plates (spangles) on cooling. 
(iii) Mercurie chloride solution (POISON) 
To | drop of the neutral or weakly acidic (HNO,) test solution add 1 drop of mercuric 
chloride solution. Scarlet red precipitate of mercuric iodide appears. 
[7 + HgCl, — Hgl,+ + 2Cr 
Take a few particles of the precipitated Hgl, is a semi-micro test tube and add a few тоге 
drops of the test solution. If iodide is present in the test solution, the red precipitate of Hgl, 
dissolves, giving а colourless solution due to the formation of tetraiodomercurate (II) complex, 
[Hgl?-] ion. 
Hgl,(s) + 217 -› [Hgl?7] 


(2) Tests by oxidation of iodide to iodine (Confirmation) 


(a) Chlorine-water 
[It is convenient to use a dilute solution of sodium hypochlorite acidified with dil. HCI]. 


Take 1-2 drops of the neutral or weakly acidic (acetic acid) test solution and | ml of 
chloroform in a simi-micro test tube. Add | drop of chlorine-water (or acidified hypochlorite 
solution) and shake. The organic layer at the bottom assumes a violet colour as iodine set 
free due to oxidation of iodide by chlorine, dissolves in CHCI. 

М7 (ад) + Cl, (aq) — 2CV (ад) + |, (aq) 
|, (aq) = 1, (org) 

Add a few more drops of chlorine water and shake. The violet colour gradually disappears 
as iodine is further oxidized by Cl, to iodate. 

l, (org) + fag) = 15 (ад) 
15 (ад) + 8Cl (aq) + 9Н,О — 310,70) + 16СГ (ад) + 18H" (ад) 


(b) Potassium (or sodium) nitrite solution 
lodide in weakly acidic (acetic acid) solution is oxidized to iodine by nitrite ion (distinction 
from chloride and bromide) : 
31- + 2NO,- + 4H* 2 I, + 2NOT + 2H,0 
(i) Take 1-2 drops of the weakly acidic (dil, H,SO, or acetic acid) test solution and | 
ml of chloroform in a semi-micro test tube, add a small crystal of sodium (or potassium) nitrite 
and shake. The chloroform laver assumes a violet colour. 
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(н) Place a drop of the test solution on a drop reaction paper, add | drop of dil. H,80, 
(or acetic acid) and dry, Add 1 drop of strach indicator and allow to dry. Now add a drop 
of 5% sodium or potassium nitrite solution. A blue colouration appears as iodine liberated from 
the reaction of iodide with nitrite, forms a blue adsorption product with strach indicator. 

Limit of identification : 2,53 of 1, 
Limit of dilution > | : 2«10*. 3 


(c) Copper sulfate solution 


Althongh Е° (Cu**/Cu*), 0.15 volt is lower than E? (1/217), 0.535 volt, but due to low 
solubility of Cul, or, Cu,l, formal potential of Cu?*/Cu* couple becomes sufficiently higher 
than that of [,/217 couple (cf. Sect, 2.4). As a result, Cu** ion oxidizes iodide ion to set free 
iodine with precipitation of Cu,l,. Although Cu,l, is white in colour, but the colour of the 
precipitate appears brown, due to adsorption of iodine (i.e. 1,7 ion). 

51- + 2Си?* 2 2Cubl + 1 
On addition of drops of sodium thiosulfate solution, the white colour of precipitated Cu,l, 


is restored, as I, is reduced back to iodide by thiosulfate (5,047) ion, which is oxidized by 


I, to tetrathionate (S40; ) ton, 


1; 428,07. 3L « SOZ- 

If these reactions are carried out in presence of starch indicator which from a blue coloured 
adsorption product with iodine, a colour change from blue to white is observed on addition 
of thiosulfate solution. 

Place 1-2 drops of copper sulfate solution on a spot plate, add drops of dilute ammonia 
until a faint permanent turbidity appears, avoid excess NH,. Add a crystal of ammonium 
bifluoride and stirr with a glass rod. The turbidity disappears. Add one drop of neutral or weakly 
acidic (acetic acid) test solution. A brown precipitate or turbidity appears, depending upon the 
amount of iodide ion present. Now add | drop of strach indicator solution. An intense blue 
colouration appears. Add a crystal of sodium thiosulfate and stirr with a glass rod. The blue 
colour is discharged and the milk white colour of Cu,l, precipitate becomes clearly visible. 

Add a drop of mercuric chloride to the white slurry of Cu,l,. The precipitate assumes а 
scarlet red colour due the formation of Cu(I) tetraiodomercurate (II) complex. 


2Cu,l, + НЕСІ, — Cu;[Hgl,] + 2CuCI 
(3) Test by oxidation of iodide to iodate 


lodide is oxidized to iodate in neutral solution by bromine water. 
l- + 3Br, + 3H,0 ә IO, + 6H* * 6Br^ boli) 


Unreacted bromine has to be removed before proceeding to test for the iodate that is produed. 
Removal of bromine is accomplished by adding sulfosalicylic acid (1) which consumes bromine 
to form colourless bromosulfosalicylic acid (2). 
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+ Bn ә * HBr 
(1) (2) 


The resulting solution containing iodate ion on treatment with soluble iodide, liberates 
iodine, which may be detected by its characterstic tests. 
ЮГ ОН ЭЗЕ AIEO uo ee - ы (i) 
Since one mole of iodide ion gives one mole of iodate ion (i) and one mole of iodate ion 
in turn liberates six mole of iodine atoms (ii), the sensitivity of the test is remarkably high 
and very small amount of todide can be detected by this test. Chloride and bromide do not 
interfere. Oxyhalides interfere, as they oxidize todide to iodine in acidic solution. 


Reagents : 

(1) Bromine-water : 4% solution in water (CAUTION) 

(и) Sulfosalievlic acid 

(iii) 5% solution of cadmium iodide (Cdl,) in 1% solution of cadmium sulfate in water. 

(iv) Starch indicator solution. 

Place a drop of the neutral or weakly acidic test solution on a spot plate, add drops of 
bromine-water until a faint vellow colour persists due to excess bromine. Now add several 
small crystals of sulfosalicylic acid to consume the excess bromine and mix with a glass rod. 
Wait for 4-5 minutes and then blow air over the solution at intervals using a pipette or a dropper 
for thorough mixing and aeration to remove traces of bromine vapour that may remain in the 
air over the solution, [so that iodine is not liberated by the excess bromine on addition of 
iodide in the subsequent step]. Add a drop of cadmium iodide reagent mixed with a drop of 
strach indicator. A blue colouration is produced immediately on addition of strach-Cdl, solution 
if iodide is present in the original test solution, Run a blank test. 

Limit of identification : 0,05; of 1, 
Limit of dilution : | : 110°. 

(4) Catalytic acceleration of Ce!V + e — Се!!! reduction by arsenite (POISON) 

Reduction of yellow coloured Ce!V solution to colourless Се!!! by arsenite (AsO,*>) ion 
in acidic solution is a very slow reaction, 


2Ce* + AsO} + HO — 2Се? + АзО + 2H" dii) 

But in presence of traces of iodide ion, discharge of the yellow colour occurs very quickly, 
as Ce** oxidizes iodide to set free iodine, which is the real catalyst, that oxidizes arsenite 
to arsenate and itself is reduced back to iodide (i.e. catalyst is regenerated), 

2Се + 217 + 1, + 2Ce* ii) 


AsO} + Н,0 +1, = AsO} + + — (iii) 


| | 














The overall reaction (i) is arrived at by summing up the two step reaction (ii) and (iii). 
Although, in acid medium, the reaction (111) tends to be left shifted, oxidation of Аз!!! to As" 
takes place in presence of Ce!V, as iodide ions are constantly used up by reaction (ii), as а 
result of which the reaction (iii) remains right shifted. 


Bromide, chloride, nitrate, sulfate interfere only in case of detcetion of very small amounts 
of iodide. A blank test should always be carried out. Coloured metal ions, eg, Fe, Ni, Cul, 
Co", LO$* interfere. Mn"!, Ар!, Hg! ions, which reduce Се!У, impair the reaction. In such cases 
а more concentrated solution of Ce!" should be used to overcome these difficulties. Barium, 
strontium, lead should be absent, since under the condition of this expeniment, these are 
precipitated as sulfates which become yellow coloured due to coprecipitation of Cel“ ions 

On two adjacent cavities of a spot plate place | drop of Се!“ solution plus one drop of 
sodium arsentite solution. While the solutions are stil! yellow, add one drop of weakly acidic 
test solution in one of the cavities and a drop of dil. H,SO, on the other. Rapid discharge 
of yellow colour in the cavity containing the test solutions indicates the presence of iodide. 

Reagents: 

(i) CelV solution : 0.05M ceric ammonium sulfate in 2N sulfuric acid. 

(ii) 0.1M sodium arsenite solution (made neutral or slightly acidic with dil. H,50,) 

Limit of identification ғ 0.05 of KI 
Limit of dilution : | : 1*10°. 
5.14. Reactions of Bromate (BrO, ) 


Bromates of most metals are soluble in water except silver, mercury (1), lead, barium 
bromates, which are sparingly soluble. 


Indication 
(1) Action of heat 


Na, К, Ca bromates on heating decompose to bromides with evolution of oxygen. Transition 
metal bromates on heating decompose to oxides evolving oxygen and brown vapour of bromine. 


2KBrO, — 2KBr + 30,1 
Zn(BrO,), > ZnO + Вг, + $0,7 
(2) Concentrated sulfuric acid 


Add 1-2 drops of conc. H,SO, to a small amount (<0.!g) of the powdered sample in a 
semi-micro test tube, plug with a piece of clean cotton wool (Fig. 3.272). О, gas and brown 
vapour of bromine are evolved in the cold. 


4KBrO, + 2H,SO, — 2K,SO, + 2Br,? + 50,7 + 2H;0 
Reactions of Bromate ion in solution 


The following tests may be performed with aqueous extract or neutralized sodium carbonate 
extract of the sample. 





(1) Silver nitrate solution 

(a) To 1-2 drops of neutral or weakely acidic (dil.HNO.) test solution add 1 drop of silver 

nitrate solution. White precipitate of silver bromate appears 
BrO, + AgNO, — AgBrO,4 + NO. 

The precipitate ts insoluble in dil. HNO, but soluble in hot water. It is also soluble in 
dilute ammonia solution. (similarity with chloride, difference from bromide) forming the 
complex [Ag(NH,),] ion. 

AgBrO, + 2NH, > [Ag (NH,)3] + BrO,- 

CAUTION : Discard the ammoniacal solution of silver nitrate immediately after test to 
avoid explosion (cf. chloride and bromide reactions). 

(b) Reduction by SO,-water 

To the ammoniacal solution of silver bromate, obtained in test (1a) add a few drops of 
5O,-water, (or, sodium or potassium nitrite or H,S-water). Pale yellow precipitate of silver 
bromide appears due to the reduction of bromate ion to bromide ion : 


[Ag(NH,),]BrO, + 350, + 3H,0 — АрВг + (NH,),SO, + 2H,SO, 
[Ag(NH,),|BrO, + 3NaNO, — AgBr? + 3NaNO, + 2NH,7 
[Ag(NH,),]BrO, + 3H,S — AgBr + 3S) + 3H,0 + 2NH,T 
The precipitate of silver bromide is insoluble in dilute ammonia but soluble in concentrated 
ammonia (difference from iodate). 
(2) SO,-water or bisulfite solution 
SO,-water (or bisulfite HSO.~ ion) reduces bromate to bromide in weakly acidic or neutral 
solution. HS and nitrite ion also reduce bromate to bromide : 
BrO; + 350, + 3H,0 + Br + 3S0; + 6H* 
BrO; + ЭМО; — Br + 3NO; 
BrO; + 3H,S > Br + 354 + 3H,O 
The resulting solution on treatment with silver nitrate solution, gives pale yellow precipitate 
of silver bromide, which is insuluble in dilute ammonia solution but soluble in concentrated 
ammonia (distinction from iodate). 
CAUTION : Discard the ammoniacal solution of silver salt immediately after the test to 
avoid explosion. 
(3) Hydrobromic acid or Potassium bromide 


In a semi-micro test tube, mix 1-2 drops of the neutral or weakly acidic test solution, | 
drop of hydrobromic acid (HBr) or a crystal of potassium bromide and a drop of dilute sulfuric 
acid (~ 2N). Add | т! of chloroform and shake. The chloroform layer assumes a yellow brown 
colour. due to bromine set free as a result of oxidation of bromide ion by bromate ion in acid 
medium. Е 

co o o ВЮ; + 5Вг + 6H* + 3Br,f + 3H,0 
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Confirmation 
(1) Manganous sulfate-Benzidine test 

When à bromate salt is warmed with a solution of manganous sulfate in presence of dilute 
sulfuric acid (~ 2N), bromate oxidizes Mn (II) to МАШ) and a red colouration is initially 
lormed. On boiling the mixture or better on adding alkali acetate, a brown precipitate of hvdrated 
Мп) oxide is formed, which when treated with a solution of benzidine in acetic acid. oxidizes 
benzidine to benzidine blue. (cf silicate, fluoride tests). 

KBrO, + H,SO, — НВгО, + KHSO, 
HBrO, + 6MnSO, + 3H,S0, > 3Mn,(SO,), + ЗН,О + HBr 
Mn,(SO,), + 3H,0 — Мп,0, (= MnO. MnO,) + 3H,SO, 

Place | drop of the neutral or weakly acidic (dil, H,SO,) test solution in a semi-micro 
test tube, add | drop of 2% manganous sulfate solution acidified with dilute sulfuric acid 
(~ 2N) and digest the mixture for 2-3 minutes on a hot water bath. Cool to room temperature. 
Add | drop of 0,05% solution of benzidine in | : 10 acetic acid and a few crystals of sodium 
acetate, A blue colouration indicates the presence of bromate in the sample. 

Chlorate, iodate do not give red colouration or a precipitate under the same condition and 
do not interfere. 

Limit of identification : 20ү of KBrO, 
Limit of dilution : | : 2500. 
5.15 Reactions of Iodate (ТО) 

Alkali metal iodates are soluble in water. lodates of other metals are not only sparingly 
soluble, but also less soluble than the corresponding bromates and chiorates. 
Indication 
(1) Action of heat 


lodates of all metals are decomposed on heating and oxygen evolution is their common 

feature. In addition to О, evolution, alkali metal iodates are transformed to iodides. lodates of 

most bivalent metals on heating produce metallic oxides and violet vapour of iodine, except 

barium iodate, which on heating, is transformed to paraperiodate, with evolution of O, and t. 
2KIO, — 2KI + 30,1 


2Pb(IO,), — 2PbO + 50,1 + 21,7 
SBa(IO,), — Ва,(10,), + 90,7 + 41,7 
(2) Hot concentrated sulfuric acid 
No action in absence of any reducing agent. 
(3) Hot concentrated H,SO, + Reducing agent (eg, FeSO,) 
lodate is initially reduced to iodide and Fe! is oxidized to Fe". Violet vapour of iodine 
appears due to oxidation of iodide by unreacted iodate and also by Ее!!! produced. 
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KIO, + H,SO, + HIO, + KHSO, 

НЮ, + 6Fe2* + SH* — 6Fe* + I- + 3H,0 
HIO, + SI- + SH* > 31,7 + 3H,0 

2Fel! + 21- — 2Fe' + LT 


Reactions of lodate ion in solution 
The following tests should be carried out with the aqueous extract or neutralized Na,CO, 
extract of the sample. 
(1) SO,-water 
Place 1-2 drops of the weakly acidic (dil.H,SO,) test solution іп а semi-micro test tube, 
add a few drops of SO,-water and shake well. 80, reduces iodate to iodine, which forms a 
brown precipitate. Add | m/ of chloroform and shake well, the chloroform layer assumes a 
violet colour. Add a few more drops of SO,-water, and shake. Violet colour of the organic 
layer disappers as SO,-water reduces l, to iodide. 
210,- + 5Н,0 + 580, + 1,4 + 5504 + 8H* + H,O 
1, (s) = l, (org) 
|, (org) + SO, + 2Н,0 — 21- + 507 + 4H* 


(2) H,S-water 
To 1-2 drops of the weakly acidic (dil. H,SO,) test solution add a few drops of H,S-water. 

Brown precipitate of iodine appears due to reduction of iodate by H,S. Add 1 mi of chloroform 
and shake. londine dissolves in chloroform forming a violet coloured organic layer. Add a few 
more drops of H,S-water and shake. The violet colour gradually disappers as H,S reduces І, 
to iodide and itself is oxidized to elemental sulfur that precipitates : 

210," + 5H,S + 2H* -› 5S4 + 6H,O + LÀ 

168) = l, (огу) 
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(4) Potassium iodide solution 


In а semi-micro test tube mix 1-2 crystals of potassium iodide and 1-2 drops of the neutral 
rodate solution and a drop of strach indicator. The mixture remains colourless. Now acidify 
the mixture with either dil. HCl or acetic acid or tartaric acid. The mixture assumes a blue 
colour as iodine is liberated from reaction of iodate with iodide in weakly acidic medium. 


lO,” + 8l + 6H* — 317 + ЗН,0. 
Alternatively, mix 1-2 crystals of КІ, 1-2 drops of the neutral test solution and | ml of 


chloroform. Now add a few drops dil. HCI (or H.SO,) until acidic and shake. The chloroform 


layer assumes a violet colour due to dissolution of l, liberated by the reaction of 10,7 with 
de 


(5) Lead acetate 


To 1-2 drops of the weakly acidic (dil. acetic acid) test solution, add | drop of lead acetate 
solution. White precipitate of lead iodate is formed. 
210," + Pb?* — РЫ, ), 4 
(6) Mercuric nitrate solution (POISON) 
To 1-2 drops of weakly acidic test solution add 1 drop of mercuric nitrate. White precipitate 
of mercury (П) iodate is formed (difference from CIO; and BrO;). 
Note : Mercury (П) chloride, being covalent, remains practically unionized, consequently 
it does not form any precipitate with iodate. 
(7) Silver nitrate solution 
To 1-2 drops of the weakly acidic [dil. НМ№О, | test solution add | drop ої silver nitrate 
solution. A curdv white precipitate of silver iodate is formed, which is readily soluble in dil 
NH,, but sparingly soluble in dil. HNO,, 
IO," + AgNO, > AglO,¢ + NO, 
AglO,(s) + 2NH, — [Ag(NH,)5] + 10,7 
CAUTION : Discared the ammoniaca! solution of silver salt immediately after the test 
to avoid explosion. 
To the ammoniacal solution of AglO, add a few drops of SO,-water. Yellow precipitate 
of silver iodide appears, as IO," is reduced to 17 by SO,-water. 
[Ag (NH,)3] + 10; + 3S0, + 3H,O - 2Agly + 3807 + 2NHj + 4H" 
The precipitate of Ag! is insoluble even in concentrated NH, solution, 


Confirmation 
(1) Test with potassium (or ammonium) thiocyanate (CAUTION) 
in acidic medium, iodate is reduced to iodine by thiocyanate, which is oxidized to sulfate: 
610," + SSCN™ + 6H* + 2H,0 — 31, + SHCN + 5HSO, 





Place а drop of 5% solution of potassium (or ammonium) thiocyanate on a starch paper 
and then add a drop of acidified test solution. A blue stain indicates the presence of iodate 
in the sample. 

Limit of identification : 4y of NalO, 
Limit of dilution > | : 1.2x10*. 


(2) Test with hypophosphorous acid 

Hypophosphorous acid (H;PO. ) reduces iodate to iodide and itself is oxidized to phosphoric 
acid (H,PO,) even in the cold. The redox reaction takes place in three distinct steps differing 
in speeds : 


Ю; + ЗН,РО, 3H.PO.*tl- | —  — (1) fast 
К BH ЗН О #311 2. ross Gi) — fasi 
Н.,РО; + 1, + НО — H,PO, + 2HE 4 (n) slow 


As the reduction of IO." to I- (i) and subsequent oxidation of I- by unreacted IO, to L 
(ii) are rapaid but the last reaction (iii) in which H,PO, is oxidised to H;PO, by I, is a slow 
process, the intermediate production of |, may be revealed by the formation of transient blue 
colour of starch-iodine complex, and this offers a means of detection iodate. Bromate, chlorate 
do not interfere 

Place à drop of the neutral test solution on a spot plate, add | drop of starch indicator 
solution and then a drop of dilute solution of hypophosphorous acid. Appearance of a transitory 
blue colouration indicates the presence of iodate in the test solution. 

Limit of identification : ly of HIO, 
Limit of dilution : | : S«[0*. 


5.16 Reactions of Ferricyanide [Hexacyanoferrate (HI)|, [Fe(CN); | 

Ferricyanide salts in general are more soluble than the corresponding ferrocvanide salts. 
Alkali and alkaline earth metal ferricyanides and Ее) ferricyanide are soluble in water. 
Ferricyanides of most other metals are sparingly soluble or insoluble. Insoluble ferricyanides 
are decomposed by alkali to from alkali ferricyanide and hydrated metallic oxides. 


Indication 


(1) Oragnge yellow colour in solid state and is solution. 

(2) Ignition test (CAUTION, must be done in FUME CUPBOARD), 

When heated in a dry test tube (cf F ig. 3.27а), ferricyanides completey decompose, evolving 
N, and (CN), (POISON) gases and leave a black residue of iron carbide and carbon. 

6K [Fe(CN),] -> 6N;T + 3CN),T + 18KCN + 2Fe,C + 10C 

(3) Hot concentrated sulfuric acid (CAUTION : Must be done in FUME CUPBOARD) 

On heating with conc. H,SO,, ferricyanides decompose completely with evolution of 
gas which burns with blue flame (cf. Fig. 3.30a). 


K,[Fe(CN),] + 6H,SO, + 6H,0 + 6COT + Fet + ЗК? + 6МН] + ésol- 
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Reactions of Ferricyanide Ion in Solution 
Aqueous extract or neutralized Na,CO, extract of the sample should be used for the tests, 
(1) Dilute sulfuric acid 
Dilute sulfuric acid has no reaction in the cold, but on boiling (cf. Fig. 3.31) [CAUTION: 
Must be done in FUME CUPBOARD] ferricvanides decompose to set free Fe?* ion in solution 
with evolution of HCN (POISON), which may be absorbed in NaOH solution. 
[Fe(CN)2-] + 6H* — 6HCNT + Fe? 
(2) Concentrated hydrochloric Acid 
When a saturated solution of a ferricyanide salt is treated with conc. НСІ in the cold, brown 
precipitate of the free hexacyanoferric acid or ferricyanic acid, H;[Fe(CN),], appears: 
[Fe(CN)77] + 3HCI — H;[Fe(CN),]* + 3С! 
(3) Silver nitrate solution 
Place | drop of the neutral or weakly acidic test solution on two adjacent cavities a spot 
plate and add | drop of silver nitrate solution to each сагу. Orange red precipitate of silver 
lerricyanide appears 
[Fe(CN)7"] + 3AgNO, > Ag,{Fe(CN),]+ + 3NO,7 
Add a few drops of dilute ammonia solution to one of the cavities, the precipitate dissolves 
due to the formation of the complex [Ag(NH.);] ion. 
Ag,[Fe(CN),] (s) + 6NH, — 3[Ag(NH,)5] + [Fe(CN)?] 
CAUTION : Discard the ammoniacal solution of Ag(NH,),” immdiately to avoid explosion. 
Add a few drops of dil. HNO, to the other cavity, the precipitate remains undissolved. 
(4) Ferric chloride solution 
To | drop of weakly acidic test solution on a spot plate add 1 drop of ferric chloride solution. 
A brown colouration appears due to the formation of ferric ferricyanide (cf tests for Fe!) 
[Fe(CN)?] + FeCl, — Fe[Fe(CN),] + ЗСГ 
(5) Ferrous sulfate solution 
To a drop of the neutral or weakly acidic test solution on a spot plate add | drop of ferrous 
sulfate or Mohr's salt solution in dil. H,SO, (2%). An intense blue precipitate of (Prussian 
hive) appears if ferricyanide is present, 
K,[Fe(CN),] + FeSO, > KFe[Fe(CN),]* + K,SO, 
The composition of the blue precipitate may be KFe"[Fe(CN),] (Turnbull's blue) or 
KFe!l'[Fe!(CN),] (Prussian blue) or both (cf. reactions of Fe", Fel"), 
(6) Copper sulfate solution | 
To | drop of the neutral or weakly acidic test solution on a spot plate add | drop of dilute 
copper sulfate solution (~ 0.1M). Green precipitate of cupric ferricyanide appears. 


2K.[Fe(CN),] + 3CuSO, — Cuj[Fe(CN),];* + 6K* + 380i 
Add drops of HCI to the green precipitate. The precipitate does not dissolve. 
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(7) Cobalt nitrate solution 
In two adjacent cavities of a spot plate take | drop of the weakly acidic test solution, add 
| drop of cobalt nitrate solution to both the cavities. Red precipitate of cobalt (II) ferricyanide 
appears. 
2K.[Fe(CN),] + 3Co(NO,), — Co,[Fe(CN),];* + 6K* + 6NO,- 


Add drops of ammonia solution to one of the cavities, the precipitate dissolves. Add drops 
of dil. HCI to the other cavity, the precipitate remains unchanged. 


Confirmation 


(1) Benzidine blue test 
Reagents : 
(1) Saturated solution of benzidine in 2M acetic acid, 
(u) 10% KI solution in water. 
The ferricyanide-ferrocyanide redox couple, 
[Fe(CN)?-] teg [Fe(CN)7-] E? = 0.36 volt 


does not normally oxidize benzidine. Even in a solution of pure ferricyanide, very trace 
amount ferrocyanide is always present in equilibraum and vice-versa. So, if by addition of 
a suitable reagent, ferrocyanide is removed from the redox equilibrium, the E? value of 
[Fe(CN)-]/ [Ре(С№) couple will increase and may attend such a value that ferricyanide 
can oxidize (1) benzidine to benzidine blue and (ii) iodide to 1, (or 1,7) which forms a blue 
colouration with starch indicator (cf Sect 2.4)). 

Ferrocyanide may be eliminated from the [Fe(CN);-/[Fe(CN)?-] redox equilibrium by 
several ways : 

(1) By lowering pH of the solution (cf. p-135) : 

On addition of a strong acid such as hydrochloric acid, both the complex ions, 
[Fe(CN);"] and [Fe(CN)? ] are protonated to form the corresponding acids, viz., H,[Fe!"(CN),] 
and H,[Fe' (CN), ], of which the latter acid has much lower degree of ionization. As a result, 
ferrocyanide ions are eliminated from the above redox equilibrium and consequently the formal 
potential of [Fe(CN);-/(Fe(CN);-] is increased. 

(ii) By addition of Zn (II) salt (cf. p.161) : 

[Fe(CN),] does not liberate 1, from potassium iodide sol 
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[Fe(CN)2-] + e = [Fe(CN)] 
[Fe(CN)A-] + 2Pb(CH,COO), — Pb,[Fe(CN),]+ + 4CH,COO"* 

Net reaction: [Fe(CN)7-] + 2РЫСН,СОО?) + e = Pb.[Fe(CN),]* + 4CH,COO" 

Due to the precipitation of lead ferrocyanide, [Fe(CN)?-] can oxidize (1) benzidine to 
benzidine blue and (ii) iodide to iodine. 

(i) Mix 1 drop of the test solution, a crystal of potassium iodide plus a drop of starch 
indicator in three adjacent cavities of a spot plate. No blue colouration should be observed. 
Now add a drop of (1:1) HCI solution in one of the carivities. Blue colouration appears if 
ferricyanide is present. 

(ii) Add a small crystal of zinc sulfate or zinc acetate to the second cavity and stirr with 
a glass rod. Blue colouration appears if ferricyanide ts present. 

(iii) Add a drop of lead acetate solution to the third cavity and stirr with a glass rod. Blue 
colouration indicates ferricyanide. 

(iv) Mix a drop of the neutral or weakly acidic (acetic acid) test solution and a drop of 
benzidine reagent on a spot plate. Add | drop of lead acetate (or nitrate) or one drop zinc 
acetate (or sulfate) to precipitate ferrocyanide. Finally add | drop of sodium acetate. A blue 
precipitate or colouration indicates ferricyanide. 

Limit of identification г Vy of K, [Fe(CN),] 
Limit of dilution : | : 5x10* (1 : 1x10). 

In presence of 1000 times of K,[Fe(CN),], the value are Sy and | : 1x 10^ respectiverly. 
(2) Test with phenolphthalin 

Alkaline solution of phenolphthalin (1) is red coloured. When warmed with Zn-dust, red 
alkaline solution of phenolphthalin becomes colourless due to the reduction of the quinoidal 
structure (1) to the benzenoidal structure (2). 


Zn + 20H- 2 21057 + 2H* + 2e 


24 т 4 ey" 


(1) (2) 


The red colour of phenolphthalin may be restored by oxidation. Colourless solution of 
reduced phenolphthalin on exposure to air gradually becomes red due to aerial oxidation. On 
addition of strong oxidizing agent, however, an intense red colour developes immediately. Alkali 
ferricyanides instantly oxidize colourless reduced alkaline phenolphthalin (2) to red coloured 
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quinoidal phenolphthalin (1). Alkaline solution of reduced phenolphthalin decomposes even 
insoluble ferricyanides, setting free alkali ferricyanides and precipitating metallic hydroxides 
or hydrous oxides. 

Fe!!! [Fell (CN),] + 3NaOH — Fe(OH), + 3Na* + [Fe(CN);] 

[Fe(CN)?"] ion set free, oxidizes colourless reduced phenolphthalin (2) to red coloured 
phenolphthalin solution (1) and itself is reduced to ferrocyanide [Fe(CN ), |, according to 

[Fe(CN)7] + e > [Fe(CN)*] 

If a neutral or weakly acidic solution of ferricyanide is treated with Zn" sulfate, white 
precipitate of zinc ferricyanide appears. If the precipitate after washing is treated with colourless 
alkaline phenolphthalin, the solution assumes an intense red colour. 

Take | тї of dilute NaOH (1M) solution in a semi-micro test tube, add | drop of 
phenolphthalin indicator and a pinch of zinc dust. Warm slightly on a hot water bath until 
the red colour of phenolphthalin is discharged. Centrifuge and discard the residue. Place one 
drop of this colourless solution on a spot plate, add a few drops of the neutral or weakly acidic 
test solution. A red-pink colour developes if ferricyanide is present. 

Note : This test of ferricyanide may be applied in presence of other oxidizing agents. 

Limit of identification : 0.5у of K.[Fe(CN),] 
Limit of dilution : | : 1x105. 


5.17. Reactions of Ferrocyanide (Hexacyanoferrate (II) : [Fe(CN)?- 

Alkali metal ferrocyanides are soluble in water. Ferrocyanides of other metals are either 
sparingly soluble or insoluble in water or in cold dilute acids. Insoluble ferrocyanides are 
decomposed by alkalies. 

Indication 
(1) Action of heat 


CAUTION : Must be performed in FUME CUPBOARD 
Potassium ferrocyanide on heating decomposes with evolution of cyanogen gas, (CN), 
[POISON] and N, gas leaving a black residue consisting of KCN (Poison), Fe,C and carbon. 


3K,[Fe(CN),] ^ I2KCN + Fe,C + С + 2(CN)T + NT 
(2) Hot concentrated sulfuric acid 


CAUTION : Must be performed inside a FUME CUPBOARD 
On heating with concentrated H,SO,, ferrocyanides decompose completely with evolution 
of CO gas which burns with blue flame if ignited (cf Fig. 3.302) 


[Fe(CN)*] + 6H,SO, + 6H,O — Fe** + 6503" + 6NH,* + 6COT 
Small amount of SO, may also be formed due to reduction of H,SO, by Fe?*. 


2Fe** + 2H,SO, > 2Fe* + SO{” + 2H,0 + SO,t 
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Reations of Ferrocyanide Ion in Solution 
(1) Dilute sulfuric acid 


! CAUTION: Must be carried out in FUME CUPBOARD having good ventilation. 
Ferrocyanide does not react with dilute H,SO, in the cold. But on warming with dil. H,SO,, 


ferrocyanide decomposes completely, producing hydrogen cyanide gas [POISON] (cf. Fig. 
31b) 


[Fe(CN)] + 6H* — Fe?* + 6HCNT 
Fe** produced in this reaction combines with unreacted [Fe(CN)?-] ion, producing initially 
a white precipitate of potassium iron (II) hexacyanoferrate (11) or potasium ferrous ferrocyanide. 
K [Fe СМ), | + Fe?* > К, Ее [Ее СМ), ]% t2K' 
On exposure to air, the precipitate is gradually oxidized by oxygen of the air and ultimately 
soluble Prussian blue, potassium ferricferrocyanide, KFe!"'[Fe!(CN),], is produced : 
4K;Fe" [Fe (CN), + О, + 2H,SO, > 4KFel[Fe'(CN),] + 2K,SO, + 2H,0 
(2) Hydrochloric acid 
On treatment with (1:1) hydrochloric acid, weakly ionized ferrocyanic acid, H,[Fe(CN),] 
is produced, which may be extracted into diethylether. 
[Fe(CN)-] + 4H* = H,[Fe(CN),] 
Ferrocvanic acid may be obtained in crystalline form on evaporation of the etherial layer. 


(3) Ferric chloride solution 

Take | drop of the neutral or weakly acidic test solution in a semi-micro test tube, add 
a drop of ferric chloride solution. Both soluble Prussian blue, KFe[Fe(CN),] and insoluble 
Prussian blue, Fe,[Fe(CN),], are produced. 


K,[Fe(CN),] + FeCl, -> KFe'"[Fe'(CN),] + 3KCI 
3K,[Fe(CN),] + 4FeCl, — Fe}! [Fe(CN),],* + I2KCI 


Add a few drops of NaOH solution (2M) to this precipitate and heat to boiling. Brown 
precipitate of Fe(OH), appears and ferrocyanide ion passes into the solution. 


(4) Ferrous sulfate solution 

When Fe2* reacts with ferrocyanide ion in solution, a white precipitate of K;Fel[Fe'(CN),] 
readily appears. On exposure to air, the precipitate rapidly turns blue due to aerial oxidation, 
producing soluble Prussian blue. 

4K;Fel(Fe' (CN),] + O, + 2H,SO, — 4KFel"![Fe'(CN),] + 2H,O + 2K,SO, 

(5) Silver nitrate solution 

In a semi-micro test tube, take to 1-2 drops of the neutral or weakly acidic (HNO,) test 
solution and add 1-2 drops of silver nitrate solution (0.1 M). White precipitate of silver 
ferrocyanide appears. 

K,[Fe'(CN),] + 4AgNO, > Ag, [Fe (CN), + 4K* + 4NO, 
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Centrifuge the precipitate wash with water, discard the centrifugate, divide the precipitate 
into three parts and perform the following tests : 

(i) To one part of the precipitate add a few drops of concentrated solution of sodium 
thiosulfate, The precipitate passes into solution, due to the formation of silver thiosulfato complex, 


Ag,[Fe(CN),](s) + 85,057 — 4[Ag(S,0,)-] + [Fe(CN] 
The solution graduaily becomes turbid, forming brown, finally black precipitate of Ag,S 


(cf. 5,03 test). 

(1i) Add a few drops of ammonia to another part of the precipitate, the precipitate does 
not dissolve (distinction from ferricyanide), 

(11) Add one drop of conc. HNO, to another part of the precipitate. The precipitate does 
not dissolve. Warm the mixture gently. The colour of the precipitate changes from white to 
orange red as HNO, oxidizes the precipitated silver ferrocvanide to the corresponding 
ferricyanide. 

3Ag,[Fe (CN), J6) + HNO, + ЗН? — 3Ag;[Fe(CN),](s) + 3Ag* + NOT + 2H,0 


Cool and add a few drops of ammonia solution to render the mixture ammoniacal. The 
orange red precipitate of silver ferricyanide passes into solution due to the formation of 
diammine silver complex, [Ag(NH.);] ion, 

Ag;[Fel (CN), ](s) + 6NH, — 3[Ag(NH,)]] + [Fe (CN) 

CAUTION : Discard the anmoniacal solution of [Ag(NH,); ] immediately after test to avoid 

serious explosion due to the formation of Ag,N (fulminating silver). 
Limit of idenitication : Vt of [Fe(CN),*] 
Limit of dilution : | : 4*10°. 

(6) Copper sulfate solution 

In a semi-micro test tube take 1-2 drops of the neutral or weakly acidic test solution and 
add 1-2 drops of copper sulfate solution (0.25 М). Chacolate brown precipitate of copper (11) 
ferrocyanide appears. 

K,[Fe(CN),] + 2CuSO, — Cu,[Fe(CN),]+ + 2K,SO, 

Centrifuge, wash the precipitate with water and discard the centrifugate. Divide the residue 
into two parts and perform the following tests : 

(i) To one part of the precipitate add acetic acid. The precipitate remains undissolved. 

(ii) To another part of the precipitate add a few drops of NaOH solution and warm gently. 
The precipitate gradually turns black as it decomposes to set free ferrocyanide with precipitation 
of copper hydroxide : 

Cu,[Fe'(CN), |. + 40H- — [Fe(CN)?] + 2Cu(OH),+ 
To | drop of the neutral or weakly acidic test solution add | drop of thorium nitrate solution. 
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Colloidal white precipitate of thorium ferrocyanide appears (distinction from ferricyanide and 
thiocyanate, which do not react) : 


[Fe(CNyT] + Th** -> Th[Fe(CN), V 
The precipitate remains colloidal. does not settle and it is difficult to filter or centrifuge. 
(8) Cobalt nitrate solution 
To a drop of the neutral or weakly acidic test solution add 2-3 drops of cabalt (11) nitrate 
solution (0.5M). Grevish green precipitate of cobalt (II) ferrocyanide appears. 
[Ее(СМ) Г] + 2Co?* — Co,{Fe(CN),]+ 
The precipitate is insoluble in dil. НСІ and dilute acetic acid. 
(9) Uranyl acetate solution 


Place a drop of the neutral or weakly acidic (acetic acid) test solution on a spot plate and 
add a drop of uranyl acetate (0.1 M) and stirr with a glass rod. A brown precipitate of uranyl 
ferrocyanide appears within two to three minutes (cf Sect. 8.10) : 

[Fe(CN)-] + 2U0,(CH,COO), — (UO,),[Fe(CN),]+  4CH,CO* 
Limit of identification : \y of K, [Fe(CN),] 
Limit of dilution : | : 5x10*. 

Note : Ferricyanides react only in concentrated solution, and produce dirty yellow 
precipitate on long standing or on warming. These tests should be carried out on spot plate, 
but non on drop reaction paper. which is oxidized by ferricyanides. 


(10) Ammonium molybdate in dilute hvdrochloric acid 
To 1 drop of the weakly acidic (dil. HCl) test solution on a spot plate, add | drop of ammonium 
molybdate reagent. Brown precipitate of molybdenum ferrocyanide appears (distinction from 
ferricyanide and thiocyanate) (cf. Sect. 8.8). Stoichiometry of the reaction may be, 
(NH,),MoO, + 8HCI + 4K,[Fe(CN),] > 
KMo'l'[Fe'(CN), + 2NH,CI + 6KCI + 4H,O + ЗК, [Ре (CN),] 
The precipitate is not soluble in dilute acids, but dissolves in alkali hydroxide solutions. 


(1) Confirmation 

(1) Mercuric nitrate-2,2'-bipyridine (or 1,10-phenanthroline) test 

Reagents ` 

(i) 0,005M 2,2"-bipyridine (or 1,10-phenanthroline) іп 0.01M HNO,, 

(ii) Mercurie nitrate 0.01M in 0.01M HNO,, 

Ferrocyanides do not react with 2, 2'-bipyridine (bipy) (1) or 1, 10-phenanthroline (phen) 
(2). But in presence of Hg* ions, ferrocyanide ion is decomposed to produce Нр(11) cyanide 
Hg(CN), or [Hg(CN)7] and Fe2* ion is set free, If Ыру or phen is present in the solution, 
intense red colouration is produced due to the formation of [Fe(bipy)2*] (1а), or [Fe(phen)?*] 
(2a) complex as the case may be : 
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[Fe(CN)?-] + 3Hg?* — 3Hg(CN), + Fe?* 
Fe^* + 3bipy (or phen) — [Fe(bipy)?*] or [Fe(phen)?*] 


c 
б 
* 
* 


a’ 
e? 
2 


(1) (Та) (2) (2а) 


Take 1-2 drops of the neutral ог weakly acidic test solution in а semi-micro test tube, add 
5 drops of 2, 2-bipyridine (or 1, 10-phenanthroline) reagent solution, 1 drop of mercuric nitrate 
solution (0.01 M). Wait for some time or warm gently on а hot water bath. A red colouration 
soon develops if ferrocyanide is present. With increasing amount of Hg** ion, appearance of 
the red colour becomes faster. 

Note : Ferricyanide is also decomposed by Hg?* ion in the same manner, but Fe?* ion 
set free does not interfere with the detection of ferrocyanide, as bipy (or phen) reacts only 
with Fe?* ions. | 

Limit of identification : 0.2y of K,[Fe(CN),] 
Limit of dilution : | : 2.5x105, 


(2) Ferrocyanide is presence of thiocyanate by capillary separation 


Thiocyanate reacts with ferric chloride solution producing intensely red coloured complex 
[Fe(SCN)"*] ion, whereas, ferrocyanide reacts with ferric chloride to produce Prussian blue 
precipitate. The red colour of [Fe(SCN)"*] complex is so intense that it often masks the blue 
colour of Prussian blue, particularly when a small amount of ferrocyanide has to be detected 
in presence of a large amount of thiocyanate. But with the aid of capillary separtion on a filter 
paper, it is possible to detect even small amount of ferrocyanide in presence of large amount 
of thiocvanate. 

(a) Impregnate a Whatman No. | filter paper strip with ferric chloride solution (0.5M) and 
allow the paper to dry. Add | drop of the weakly acidic test solution, a deep red spot is produced 
if thiocyanate is present. Allow the spot to dry. Now hold a solution of dil.(-1M) НСІ on 
the spot with the aid of a capillary dropper or a capillary tube. A red coloured ring moves 
away from the central blue spot, if both thiocyanate and ferrocyanide are present. 


Limit identification : 0.5у of [Fe CN); ] in presence of 5000 times of SCN" ions. 

Limit of dilution : | : 1x105. 

(b) Alternatively, place one drop of the weakly acidic test solution on three filter paper 
strips impregnated with ferric chloride solution (0.5 M). Intense red spots are produced on all 
the three strips if thiocyanate is present. Now perform the following tests with the red spots. 





© 
(1) To one of the strips, add 1 drop ammonium bifluoride (or NH,F/NaFAKF) solution. 
The red colour is discharged as hard Fe?* ion preferably binds hard F~ ion to form the colourless 


complex, [FeF;-] ion, leaving the soft SCN- ion free. 
{[Fe(SCN)**] + 6F- — [Fef] + SCN- 

The blue spot due to ferrocyanide now becomes visible. 

(it) Add a drop of mercuric chloride solution to the red spot on another filter paper strip. 
The red colour due to [Fe(SCN)*"] is discharged as soft Hg(II) snatches the soft SCN- ion 
from the hard-soft complex, [Fe(SCN)**], forming more stable soft-soft [Hg(SCN)?-] complex 
ion which is colourless. 

4[Fe(SCNY*] + HgCl, — [Hg(SCN);-] + 4Fe?* + 2C 
The blue spot due to Prussian blue now becomes visible. 


Limit of identification : 0.5y of [Fe(CN); ] in presence of 5000 times of SCN- ion. 

Limit of dilution : | : 1x105. 

(iii) To the red spot on the third strip, add a drop of concentrated sodium thiosulfate solution. 
The red colour is discharged as thiosulfate reduce Ее!!! in the [Fe(SCN)*] complex ions to 
set fee Fe" ions, which does not react with СМ, Thiosulfate has no effect on the Prussian 
blue precipitate, which now becomes visible. 

If iodide is present, brown coloured iodine is liberated by Ре?* along with the formation 
of intensely red coloured [Fe(SCN)**] complex and these together mask the Prussian blue colour 
due to ferrocyanide. However, this test 2(b) (iii) is applicable for testing ferrocyanide in presence 
of both iodide and thiocyanate. 


Limit of identification : 0.5y of [Fe(CN); ] in presence of 3000 times of SCN- and 
Limit of dilution : | : 1*10°. 2000 times of 1- ions. 


(3) Detection of ferrocyanide, ferricyanide and thiocyanate by capillary separation 
Procedure - 1 


Soak a Whatman No. | filter paper strip in a saturated solution of lead nitrate and allow 
the paper to dry in air. Add a drop of the test solution. If ferrocyanide is present, insoluble 
Pb, [Fe(CN),] is precipitated and gets fixed in the middle of the moist fleck. Ferricyanide 
and thiocyate, if these ions are present, diffuse outward through the capillaries of the filter 
paper. Now add a drop of water with the help of a capillary tube at the middle of the fleck, 
the outer moist zone moves out faster. Allow the paper to dry. Now moisten one side of the 
spot with a drop of ferric chloride solution and the other side with a drop of freshly prepared 
ferrous sulfate (or Mohr's salt) solution. If Prussian blue fleck is formed at the centre, a 
Turnbull's blue and a blood red colouration of ferrithiocyanate appear at the borders. 


Procedure-2 
Impregnate a Whatman No. | filter paper strip with a drop of ferric chloride solution at 
the centre and add 1 drop of the test solution using a capillary tube. A dark coloured sopt 
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appears. Dry the paper in air. Now hold a capillary dropper containg dilute (1:1) HCI solution 
at the centre of the spot in such a manner that the acid solution slowly tickles down and moisten 
the spot. As the wet zone moves out, three concentric circles appear. The blue spot of Prussian 
blue (due to ferrocyanide) remains fixed at the centre, a red ring of [Fe(SCNY*] on the outer 
boundary and a green ring (due to ferricyanide) remains in between. 


5.18 Reactions of Chromate (CrO; ), Dichromate (Cr,O2 ) 


Chromates are yellow and dichromates are orange coloured. Alkali metal, ammonium. 
magnesium and calcium chromates and dichromates are soluble in water. Srtrontium chromate 
is springly soluhle in water. Barium and lead chromates are insoluble in water. BaCrO 4 IS soluble 
in mineral acid (НСІ, HNO,). Lead chromate is insoluble in acids but soluble in alkali due 
to amphoteric nature of lead oxide/hydroxide, 

Dichromate and chromate are a conjugate acid-base pair. In presence of an acid i.e. H* 
ions, chromate ions are transformed to dichromate (i), whereas, in presence of a base, i.e. OH- 
ions, dichromate ion is transformed to chromate (ii). 


Acid, + Base, 2 Acid, + Base, 


2H* +260 СО + HO н. uu (i) 
. . [£507] | 

[H* I [Cro]? — (1а) 

Cn0$ + 20Н- æ H,O + 28027 ... (ii) 


Bichromate, НСгО „> ion, is believed to be formed as an intermediate in reaction (i), which 
may be re-written as (iii), 





2H* + 2CrO;- = 2HCrO, & CrnOT + Н.О ... (iii) рК = 1.64 
Bichromate ion ionizes as a weak acid, 
HCrO," = H* + Ст; Наа fiv) 
НС] 
ки 2380 | KI! = 653 
| ӨРӨТ а ША етту, eee (туа) PR, 
The bichromate-dichromate ion association equilibrium may be defined as, 
2HCrO," = CrO} + H,O —-— 
[Cr O57] 
К; = —— TR (va) 
[HCrO, ] 


The ion association equilibrium constant (K)(ia), may be related to КІ! and K. 


| 420 | 





From equation (va), 
- [6607] = кунсю,-р 
From equation (iva), 
- (СО ] = KP'tHCrO,-] / [H*] 
Substituting for (CrO;-] and [Cr,O5^] in equation (ia) one obtains, 


— [Cn07 ] ч K;[HCrO, T' [HJ К, 
[СО | н?р (кн) [HCrO; F [H* r (ки) T (vi) 
. logK = 2pK}' - а ee ац, Audiens (vii) 


р|Н] of a solution of chromate-dichromate mixture may also be calculated using the equation 
(ta), 


1-42 
"AM er gc eL. — 5 =. 
2*2 501 


Substituting the values of pK" (6.53) and pK, (1.64) one may obtain, log K = 11.42 (at 
25°C). From equation (viii), 
0.1904 
Cr0; ] 
If chromate ion is present in large excess and dichromate is less, say, 
[CrO] ] = 1M, [C027] = 0.01 M 


„Со; ] . 0 
[Croy] (00) 


. ДН] = 571 +5 


= 100 


2 ДН] = 571+ 208100 = 6.71 
If dichromate ion is present in bcn excess and chromate is less, say, 
[Сг02-] = 0.01M, [C037] = 1M 
[CrO > _ (000 рч 
[СО] | 


. ДН] = 571 +10810 = 371 
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Thus, if the pH of the aqueous extract of a sample is in the acidic region, dichromate 
will predominate and if the pH is in the neutral or alkaline region chromate will 
predominate. 


Indication 


(1) (i) Colour in the solid state and in solution 
Orange colour — dichromate 
Yellow colour — chromate 


(ii) Acid-base nature of aqueous solution: (test with pH indicator paper) 
Acidic (pH < 4-5) orange colour — dichromate 
Neutral/alkaline (pH > 6), yellow colour — chromate. — 
(2) Action of heat 


If heated in presence of a reducing agent, orange or yellow colour changes to green due 
to reduction to Cr,0,. Ammonium dichromate on heating [CAUTION] decomposes with 
explosion and firing leaving a green residue of Cr4O.. 


(NH,),Cr,O, — Cr,O, + N,T + 49,0? 
Dichromate oxidizes NH,* ion to set free N, gas and itself is reduced to Cr;O,. 


(3) Borax bead test 


As borax (Na,B ,O.. 10H.O) or its decomposition product, sodium metaborate (NaBO,) form 
alkaline melt, chromate or dichromate imparts a dark vellow colour to the borax bead when 
heated on the oxidizing flame and а deep green colour due to reduction to Cr(II) state when 
heated in the reducing flame. 


(4) Concentrated sulfuric acid 


Dark brown colouration appears due to the formation of chromic acid (CrO.). 
CAUTION : Much heat is produced in this reaction. 


2K,CrO, + 3H,SO, + 2K,SO, + Н,Сг,0, + [H,SO,.H,0] 
К,Сг,0, + H,SO, — K,SO, + H,Cr,0, 
H,Cr,O, + H,SO, — 2CrO, + [H,SO,.H,0] 


(5) Concetrated hydrochloric acid 


When heated with conc. HCI, the yellow or orange colour of chromate or dichromate 
changes, forming a green solution as Cr (VI) is reduced to Cr (III) salt by НСІ, which is oxidized 
to chlorine gas. 


2K,CrO, + 16HCI — 4KCI + 2CrCl, + 3СІ, + 8H,0 
K,Cr,0, + I4HCI > 2KCI + 2CrCl, + 3С1,? + 79,0 
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(6) Hot concentrated sulfuric acid + chloride salt 
Formation of brownish yellow chromy! chloride gas (cf. chromyl chloride test for chloride, 
p. 390), 


Reactions of Chromate/Dichromate ions in solution 


(a) Reactions as Oxidizing agent/Reduction reactions 
All reactions of chromate/dichromate as oxidizing agent take place in acid medium, in which 
orange coloured dichromate predominates and in all its reactions it is reduced to green coloured 
Cr(II) salts. All these tests are interfered by most other oxidizing agents, 
(1) Reaction with SO,-water/sulfite/bisulfite 
In acid medium dichromate oxidizes sulfite to sulfate, which may be detected by barium 
chloride test. 
Cr,03~ + 350, + 2H* > 3502- + 2Cr* + H,O 
Cr,03> + 38037 + 8H* — 3SOj- + 2CP* + 4H,0 


Міх 1-2 drops of barium chloride and | ml of dil. (1:4) НСІ and add a few drops of 
SO, -water (or sodium sulfite or bisulfite solution) is a simi-micro test tube, No precipitate 
is formed. Now add a few drops of test solution (if orange or yellow coloured), and shake. 
A green coloured solution results and a heavy white precipitate (BaSO,), appears. 


(2) Potassium iodide-starch solution 
Dichromate in acid medium oxidizes iodide to set free iodine, which forms a deep blue 
coloured adsorption complex with starch (cf test for iodide). 
Cr,05~ + 9I- + 14H* 2 2CP* + 31,- + 7H,0 


Place | drop of starch solution, | drop of (1:1) dil. HCI and a crystal of KI on a spot 
plate. No blue colouration will be observed. Now add a drop of the test solution. An intense 
blue colouration results. (cf tests for iodide). 


(3) Ferrous sulfate (or Mohr's salt) solution 
In acid medium (~ 2%) dichromate oxidizes Fe(II) to Fe(III) and itself is reduced to green 
coloured Cr(II) salt. 
Сг,02- + 6Fe?* + 14H* -› 2CP* + 6Fe** + 7Н,0 


Place | drop of Fe(II) salt solution and a crystal of NH,SCN (or KSCN) on a cavity of 
a spot plate, No reaction/colouration occurs. 

In another cavity of the spot plate, place | drop of the orange coloured acidic test solution, 
add drops of Fe(II) salt solution until the orange colour is discharged. Now add a crystal of 
NH,SCN (or KSCN). An intense red colouration [due to Fe(SCN)^*] is produced. 
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(4) H,S-water 


In acidic solution, dichromate is reduced to Cr(II) salt by H.S, which ts oxidized to 
elemental sulfur, that separates in milky colloidal form, 


CO; + 3H,S + 8H* > 2Cr** + 38°% + 7Н,0 


Take | ml of orange coloured acidic (dil.HCl) test solution in a semi-micro test tube and 
add drops of H,S-water. The orange colour is discharged and a milky white turbidity appears. 
Add a few small pieces of filter paper strips or some asbestos pulp, boil for 2-3 minutes and 
then centrifuge. The green coloured Cr(II) salt solution now becomes clearly visible. 


(5) Oxidation of alcohol 


Dichromate in acid medium oxidizes ethanol to acetaldehyde, slowly.in the cold, but rapidly 
on warming. 


CH,CH,OH -» CH,CHO + 2H* + 2e 
CrOl- + I4H* + бе > 2CP* + 7H,0 
Net reaction : Ст,027 + 3C,H,0H + 8H* > 2CP* + 3CH,CHOT + 7H,0 
Take | тї of ethanol in a semi-micro test tube, add | m? of (1:4) dil. H,SO, and a few 
drops of the yellow or orange coloured concentrated test solution. Plug the test tube with a 


piece of clean cotton wool (Fig. 3.27) and then place the test tube on hot water both (Fig. 
3.15) for a few minutes. Smell of acetaldehyde appears. 


(b) Reactions involving precipitation 


As most dichromates are soluble in water and only the chromates of certain metals are 
insoluble in neutral or weakly acidic (acetic acid) medium, most of the precipitation reactions 
with chromate/dichromate are carried out in neutral or weakly acidic (acetic acid) solution. 


(1) Silver nitrate solution 


Place a drop of the neutral test solution in three semi-micro test tubes and add | drop 


of silver nitrate solution to each of the test tubes. Brownish red precipitate of silver chromate 
appears in all the three test tuhes. 


Сто + 2Ag* > Ag,CrO, 


(1) Add a few drops of dil. HNO, in one of the test tubes. The precipitate dissolves, giving 
an orange coloured solution due to dichromate, 


2Ag,CrO, + 2H* =) 4Ag* * СО? + H,0 


(ii) Add a few drops of dilute (1:1) ag-NH, to another test tube. The precipitate dissolves, 
due to the formation of [Ag(NH;);] complex ion, producing a yellow solution of chromate, 


Ag,CrO, + 4NH, > 2[Ag(NH,),]* + Cro?“ 
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CAUTION : Discard the ammoniacal solution containg the complex [Ag(NH,)"] ion 
immediately after test to avaid explosion. 


(iit) Add a few drops of dil. (1:1) НСІ to the third test tube and digest the mixture for 
a few minutes on a hot water bath (Fig. 3.15). White precipitate of silver chloride appears, 
producing an orange coloured solution of dichromate. 


2Ag,CrO, + 4HCI — 4AgClL + Cr,OT. + H,O + 2H* 
In another test tube take a drop of concentrated, weakly acidic orange coloured (i.e. 


dichromate) test solution and add a drop of silver nitrate solution. A red brown precipitate 
of silver dichromate appears. 


Cr,0;> + 2Ag* > Ag,Cr,0,4 
Centrifuge, and discard the centrifugate, wash the precipitate with cold water by 


centrifugation. Dilute the mixture with water and boil for a few minutes, The red-brown 
precipitate of silver dichromate is transformed to much less soluble silver chromate, and a yellow 


(C r047) colour persists in the solution. 


Ag, Cr,O, (s) + H,O > Ag,CrO,+ + Сто + 2H* 


(2) Barium chloride (or nitrate) solution 


To a drop of the yellow coloured neutral test solution (CrO? ) add a drop of barium chloride 


(or nitrate) solution, Yellow precipitate of barium chromate appears. The precipitatie is insoluble 
in water and acetic acid, but soluble in dilute mineral acids (HCl, HNO, etc.) producing orange 


coloured (Cr,03" ) solution : 
CrOj + Ba?* — ВаСгО,+ 
2BaCrO,(s) + 2H* — 2Ba?* + Сг,05 + H,O 
If the test solution itself is orange coloured (Cr,O05~), partial precipitation of yellow 


coloured barium chromate occurs. On addition of a few drops of dil. NaOH or sodium acetate 
solution, the precipitation becomes complete. 


Cr,O3- + 2Ва2* + H,O = 2BaCrO,+ + 2H" 
2H* + 2CH,COO- = 2CH,COOH 
Net reaction: Cr,03” + 2Ва2*  2CH,COO- + H,O — 2BaCrO,+ + 2CH,COOH 
(3) Lead acetate solution 
Take a drop of neutral or weakly acidic (acetic acid) test solution in three adjacent cavities 
of a spot plate and add | drop of lead acetate solution to each cavity. Yellow precipitate of 
lead chromate is formed in each cavity. 
Cr?” + Pb(CH,COO), — PbCrO,+ + 2CH,COO 
(i) To one of the cavities add a few drops of acetic acid, the precipitate does not dissolve. 
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(ii) To another cavity, add a few drops of dil. (1:1) HNO,, The yellow precipitate dissolves, 
producing ап orange coloured (Cr,05 ) solution 
2PbCrO, (s) + 2H* <= 2Pb** + Сг05 + H,O 
(iii) To the third cavity, add a few drops of dil. (2N) NaOH solution. The precipitate dissolves 
producing a yellow (Сто; ) solution. Due to its amphoteric nature, lead hydroxide reacts with 
NaOH to form tetrahydroxoplumbate(ll), [Pb(OH); ] ion. As a result, the equilibrium 
concentration of Pb?^* ion is lowered and solubility product of PbCrO, is not exceded. 
PbCrO, (s) + NaOH — 2Na + CrO; + РЫОН), + 
РЫ(ОН), (s) + 2NaOH — [Pb(OH),"] + 2Na* 


Net reaction: PbCrO,(s) + 4NaOH — 4Na* + CrOj^ + [Pb(OH)j ] 

(c) Reactions involving colour formation: (Confirmation) 

(1) Hydrogen peroxide (Perchromic acid test) 

Take 1-2 drops of acdified (dil. H,SO, or dil. HNO.) test solution in a semi-micro test 
tube, add 1-2 т! of iso-amyl alcohol. Cool in ice cold water (~ 0°C) and then add | m? of 
I0-volume (3%) H,O, solution. A deep blue colouration is produced due to the formation of 
peroxochromic acid (CrO,) (1), which being more soluble in amyl alcohol, passes into the 
organic layer turning it blue coloured. 


Сг,” + 4H,0, + 2H* — 2CrO, + 5Н,0 
О 


she 
0" “о 


CrO; 


dark red brown blue 
(2) LS-Diphenylcarbazide reagent 

Reagent : 1% solution in ethanol. 

In strongly acidic solution chromate (i.e. dichromate) reacts with 1,5-diphenylcarbazide (1) 
or with its oxidation product, 1,5-diphenylcarbazone (2) to produce an intense violet colouration. 
Сг?” (aq) ion does not produce such violet colouration with either of the two forms (1) or (2) 
of the reagent. So the logic of oxidation of (1) to (2) by Cr,02> ion in acid medium with 
simultaneous reduction of Cr( VI) to СШ) and complex formation of Ст) with either (1) 
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violet colouration also does not appear convincing, because of the very high intensity of the 
colouration that is normally not expected for d-d transition. However, a charge transfer transition 
of LMCT type involving Cr"! or Cr" as acceptor and the ligand (1) and or its oxidized form 
(2) as donor (s) appears tobe more convincing in accounting for the high intensity of the violet 
colour of the resulting complex. Cr" because of its coordinately unsturated state, should act 
as а better acceptor. 


7 NH - NH - CH 7 NEN- Ci 
ec = E e + 2H* + 2e 
NH -NH - C,H, NH - NH - C,H, 

(1) (2) 


CHOR + 2H” + 2e — 2Cr'O, + HO 
CrO; + L ә [L > СЮ, 
L = (1) and or (2). 
Limit of identification > 0.25y of Cr 
Limit of dilution : | : 210°. 
(3) Sodium salt of chromotropic acid (1,8-dihydroxynapthalene-3,6-disulfonic acid) 
Reagent : Dissolve 0.1g of the sodium (1,8-dihydorxy napthalene-3.6-disulfomate) in 5 m/ 
of water, mix throughly. Use the clear supernatant liquid with the help of a capillary tube and 
a piece of clean cotton wool (Fig. 3.19b). Use freshly prepared solution for the" test. 
Acid solution of chromate (i.e. dichromate) reacts with sodium salt of chromotropic acid 
(1) produces a red colouration if viewed through transmitted light. Fe, U and Ti interfere, but 
in the presence of nitric acid, their interfering actions are eliminated. 


HO OH 


ОТО; SO,Na 


(1) 
Possibly a charge transfer complex involving the phenolic (OH) groups of the reagent and 
Cr( VI) is responsible for the intense red colouration. 
Place a drop of the yellow or orange coloured test solution in a semi-micro test tube, add 
| drop of dil. (8M) HNO, solution, dilute to ~ 2 m? and then add | drop of the reagent. А 
red colouration is produced which is best viewed with a while light source behind the test 
tube. 


NaO,S 


Limit of dilution 2 | : 5000, 
(4) Test for Chromate/Dichromate in the presence of Permanganate 
The intense purple colour of permanganate (МпО; г) ion, masks the yellow colour of 
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chromate (СгО ) and orange colour of dichromate (Cr,O5" ) ions, as such even the sensitive 
diphenyl-carbazide test for chromate/dichromate can not be directly applied. Permangate ion 
is readily reduced to almost colourless Mn" salt by hydrazoic acid (or sodium azide), which 
has little effect on chromate/dichromate. Hydrazoic acid is oxidized by permangante mainly 
to N, gas, small amounts of N,O gas and nitrate are also possibly produced. Mn" salt that 
is produced, does not interfere in the diphenylcarbazide test for chromate/dichromate. 

Міх a drop of the test solution with a drop of conc. H,SO, on a spot plate. Add a few 
crystals of sodium azide and stirr with a glass rod until the purple colour of permanganate 
is completely discharged. Transfer one drop of this permanganate free solution to another cavity 
of the spot plate and treat with a drop of 1% ethanolic solution of diphenylcarbazide. An intense 
blue-violet to red colouration is produced depending upon the amount of chromate present. 

Limit of identification : 0.5y of K,CrO, in presence of 6000 times of KMnO,. 

Limit of dilution : V : 110. 


5.19 Reactions of Phosphate ( PO, HPO? , H,PO,, H,PO,) 


Except sodium, potassium and ammonium salts, phosphates of most metals are sparingly 
soluble in water, but soluble in dilute minral acids, as orthophosphoric acid (H,PO,) is a weak 
tri-protic acid (cf Sect. 2.1) : 


H,PO, = Н + HPO, рКЎ = 2.1 
Н,РО = Н? + HPO,- pk} = 72 
HPO,” = H* + PO, рК = 123 


Consequently, aqueous solutions of dihydrogen phosphate (H,PO,~) salts are very slightly 
acidic, 


pH = TK) + pk = iQ + 72) = 465 

and aqueous solutions of monohydrogen phosphate (HPO; ) salts react alkaline, 
pH = 4(pK}' +4 pk!) = 1072 + 123) = 975 

Although it is difficult to — — (POT) in soluble form in water, but 

PO} ion may be present in saturated solution of sparingly soluble phosphates of certain metals: 

Са (РО,), = 3Ca?* + 2POj 

Depending upon the solubility products, such solutions should be strongly alkaline, 
pH = > pK, + pki! + T log[PO; ] 

For ionization of Ca,(PO,),, 
3Ca** = (РО) 
2. (Са?) = ЭРО] 
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Solubility product (Kp) of Ca,(PO,), may be defined as, 
K,, = [Ca^* [РОГ] 
. Ky = [POF] x [PO T = GY(POTT 
j- Ky p 
Hence, [РО] = —— 
(3/2) 


Therefore, pH of a saturated solution of calcium phosphate will be [^ рК, = 14, pK" 
= |2.3 and PK. = 32.67 at 25°С]: 


p 51 ) +11 эо 52 


1315 + (5 x 3) log Ky - ($ х 3} log(3 / 2) 


2 2 
13.15 — i9 PK,, - ro 198 1.5 


13.15 – 0.1 х 32.67 – 03 х log 1.5 = 9.83 


Indication 


There is no suitable indicative test for phosphate with solid samples. 

(1) Acid-base nature of aqueous extract 

Boil a small quantity (— 0.1g) of the solid sample with water in a semi-micro test tube, 
centrifuge and test the centrifugate with a pH indicator paper. 

(i) Weakly acidic reaction (pH 4—5) : Search for H,PO,” 


(ii) Alkaline reaction (pH > 9-10) : Search for НРО and PO, 
Note : Carbonate, bicarbonate, fluoride also give alkaline reactions in aqueous solution. 
Reactions of Phosphate ion in solution 

As the phosphates of most metals are sparingly soluble in water, it is convenient to test 
for phosphate with the sodium carbonate extract of the sample after neutralization with dilute 
nitric acid, or, with concentrated nitric acid extract of the sample as required. 

A. Tests with Na,CO, extract 

Treat the Na,CO, extract of the sample with dil. HNO, until, just acidic, boil to remove 
CO,. Add drops of dilute ag-NH, solution until just ammoniacal. Boil off excess ammonia 
and perform the following tests with this prepared test solution (ог, neutralized Na,CO, extract). 


(1) Silver nitrate solution 

To 1-2 drops of the prepared test solution add | drop of AgNO, solution. Yellow precipitate 
of silver orthophosphete, (Ag, PO,) appears. The precipitate is soluble in dilute nitric acid 
and also in aq-NH,. 
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НРО + 3Ag* > Ag,PO,+ + Н" 
Ag,PO,(s) + 2H" — 3Ag' + Н,РО; 
Ag,PO,/(s) + 6NH, — 3{Ag(NH,)3] + POT 


CAUTION : Discard the solution obtained after dissolving the precipitate of Ag, PO, in 
ammonia quickly after test to avoid explosion (cf. tests for Ар", and CI). 


(2) Barium chloride solution 


To | ml of the neutralized Na,CO, extract of the sample add 1-2 drops of barium chloride 
solution. A white amorphous precipitate of barium hydrogenphosphate appears. 


HPO; + Ва?* — BaHPO,t 
The precipitate is soluble in dilute mineral acids (HCl, HNO,) and also in acetic acid. 
BaHPO,(s) + Н? — Ba** + Н,РО,7 
If barium chloride solution is added to an ammoniacal test solution, tertiary barium 
phosphate is precipitated, 
2НРО + 3Ва2* + 2NH, — Ba,(PO,),4 + 2NH,* 


(3) Magnesia mixture (or Magnesium nitrate) reagent 

Reagents : (1) Magnesia mixture (~ 0.5M) : (MgCl. 6H,O + NH,CI + NH,). Dissolve 
~ 10g of MgCl,. 6H,0 and ~ 11g of NH,CI in water (50 ml) add 5 ml of conc. NH, and 
dilute to 100 ml. 

(ii) Magnesium nitrate reagent (0.5M) : (Mg(NO,),. 6H,0 + NH МО; + NH,). Dissolve 
~ 13g of Mg(NO,),. 6H,0 and ~ 16g of NH,NO, in water (50 ml) add 5 ml of conc. NH, 
and dilute to 100 ml. 

To | mi of the neutralized Na,CO, extract in a semi-micro test tube, add 1-2 drops of 
either of the above two reagents, add | drop of dilute ammonia if necessary, scratch the sides 
of the test tube with a glass rod. White crystalline precipitate of ammonium magnesium 
phosphate, NH,MgPO,.6H.,O appears, 

HPO,” + Mg?* + NH, + 6H,O — NH,MgPO,.6H,O¢ 


The precipitate ts insoluble in ammoniacal medium, but soluble in acetic acid and mineral 
acids (HCI, HNO,). 


Arsenate ( AsOj" ) gives precipitate of ammonium magnessium arsenate NH,MgAsO,.6H,0, 
under the same condition with both the reagents. However, phosphate and arsenate precipetates 
may be distinguished. 

Distinction between Phosphate and Arsenate 

Wash the white crystalline precipitate obtained on treatment of the neutralized Na,CO, 
extract with magnesium nitrate reagent with water by repeated centrifugation. Treat the 
precipitate with silver nitrate solution containing a few drops of acetic acid. 

The precipitate changes colour to : 
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(i ) yellow (due to Ag,PO,), if phosphate is present; 

(ii) brownish-red (due to Ag, AsO,), if arsenate is present. 
(4) Sodium acetate-Acetic acid-Ferric chloride reagent 
Reagents . 


(1) Feric chloride (0.5M) : Dissolve — 13.5g of FeCl,.6H,O in 30 ml of (1:1) HCI by 
warming, dilute to 100 mi, The solution is to be neutralized with (1:1) ag-NH, before use 
(cf. p-370, 491). 

(ii) Sodium acetate-acetic acid buffer : Dissolve ~ 27g CH,COONa.3H,O in water, add 
11.5 ml of glacial acetic acid, dilute to 100 тЇ (pH = 4-5). 

Take | mi of the neutralized Na,CO, extract in а semi-micro test tube, add | m/ of sodium 
acetate-acetic acid buffer (pH ~ 4-5) solution, heat just to boiling and add | drop of neutral 
FeCl, solution. Yellowish white precipitate of FePO, appears : 

HPO} + Fe?* + FePO,+ + Н" 

The precipitate is soluble in dilute mineral acids. 


(5) Zirconyl nitrate reagent 


Reagent : Boil ~ 10g of ZrO(NO,),.2H,O with 100 m/ of 2M HNO, while stirring 
continuously. Allow to stand for 24 hours. Decant the clear supernatant liquid for use as the 
reagent, 

If the acidity of the phosphate solution is not higher than 1 M, zirconyl hydrogen phosphate 
is precipitated even from dil. HCI solution of phosphate. 

ZrO?* + H,PO, — ZrO(HPO,)+ + 2H" 

Note : Depending upon the concentration of ZrO** ion and pH of the solution, the 

composition of the precipitate may be ZrO(H,PO,), or ZrO(HPO,) or (ZrO),(PO,),. (cf. p.-73) 


B. Tests with HNO, extract: (Confirmation) 


(6) Ammonium molybdate reagent 

Reagent : (cf. Sect. 4.8, arsenate), 

Note : Commercial ammonium molybdate is the heptamolybdate, (NH,),Mo,0,.4H,0. The 
formula (NH,),MoO, is used in writing chemical equations for simplicity. The molybdate ion, 
MoO, possibly exists under the expenrimental condition employed for testing phosphate. 

In strong nitric acid medium and in presence of large excess of ammonium nitrate, phosphate 
(actually H,PO,) reacts with an excess of ammonium molybdate to produce a canary yellow 
precipitate of ammonium phosphomolydate under hot condition (~40°C) : 

H,PO, + 12(NH,),MoO, + 21HNO, > (NH, ),[PMo,;0,,]* + 2INH,NO, + 12H,0 

The precipitate is soluble in ammonia and in caustic alkali. Reducing agents such as sulfide, 
sulfite, ferrocyanide etc. interfere, but if the test is carried out with the conc. HNO, extract 
of the sample, the reducing agents are oxidized to harmless products. 
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Arsenate gives similar yellow precipitate of ammonium — arsenomolybdate 
(NH,),[AsMo,,O,,], with the ammonium molybdate reagent (cf. Sect. 4.8). But the yellow 
precipitate due to NH;- arsenomolybdate is formed on boiling the reaction mixture for a few 
minutres, whereas, the yellow precipitate due to NHJ- phosphomolybdate is formed on just 
warming (~ 40°C) the reaction mixture, 

То 1 drop of the HNO, extract of the sample in а semi-micro test tube, add | m? of the 
ammonium molybdate-ammonium nitrate-nitric acid reagent and place the test tube in a beaker 
of boiling water (Fig. 3.15). A beautiful canary yellow precipitate appears within a very short 
time if phosphate is present. 

Wash the precipitate with water by repeated centrifugation, add a few crystals of tartaric 
acid and ~ | m/ of water. Boil the mixture. Two cases may arise : 

(1) If the yellow precipitate is due to ammonium phosphomolydate, it remains unchanged, 
it does not dissolve. 

(u) If the precipitate is due to ammonium arsenomolybdate, it passes into solution. 

Note : Tartaric acid forms such a stable complex with molybdic that only phosphoric acid 
can react with it to form a yellow precipitate, but arsenic acid, silicic acid can not. 


(7) Molybdenum blue - Benzidine blue test 
Reagents: 

(1) Dissolve 0.5g of benzidine base or its chloride salt in 10 ml of glacial acetic acid and 
dilute to 100 m/ with water. 

(1i) Dissolve 5g of ammonium molybdate in 100 ml of cold water and add 35 ml of conc. 
HNO, slowly with stirring. Add 15g of tartaric acid and dissolve it by stirring. Allow to stand 
overnight. Decant the clear supernatant liquid and use it for the tests. 

Molybdic acid or molybdate ion does not oxidize benzidine to benzidine blue (cf. Sect. 
44), But heteropoly molybdic acids, viz. phosphomolybdic acid [H;P(Mo;0. ), ], 
arsenomolybdic acid. [H,As(Mo,0,),] and silicomolybdic acid [H,Si(Mo,O;),] and their 
ammonium salts have such enhanced oxidizing power that they can oxidize benzidine to 
benzidine blue with concomitant reduction of molybdic acid to molybdenum blue. Even very 
dilute solution of phosphate, which does not form a visible precipitate. with ammonium 
molybdate reagent, gives a distinct blue colouration with molybdic acid and benzidine. 

Silicic acid reacts with molybdic acid under identical condition to produce soluble 
silicomolybdic acid, which also oxidizes benzidine to benzidine blue. Arsenic acid forms 
arsenomolybdic acid, of which the ammonium salt, ammonium arsenomolybdate forms a yellow 
precipitate like its phosphate analogue, also oxidizes benzidine to benzidine blue. 

Interference due to silicomolybdic acid and arsenomolybdic acid may be eliminated by 
adding some tartaric acid to the ammonium molybdate reagent. Tartaric acid forms complex 
of such high stability with molybdic acid that neither silicic acid nor arsenic acid can decompose 
this complex, but it is decomposed by phosphoric acid to form phosphomolybdic acid. 

Place a drop of the dilute HNO, extract of the sample on a drop reaction paper and add 
| drop of ammonium molybdate-tartaric acid reagent. Dry the spot by placing the filter paper 
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on a watch glass covering a beaker of boiling water. Add | drop of benzidine reagent "i 


hold the paper over an open bottle of ammonia solution. A blue stain indicates phosphate. Run 
a blank test. 


Limit of identification > 1.53 of Р,О,. 
Limit of dilution : |: 33 х 10%, _ 
m presence of 500 times amount of $10,.H,0. 
Fluoride ion, if present, forms stable complex, [MoO,F; ] ion with molybdate and interferes 


in the precipitation of phosphate as ammonium phosphomolybdate. Interference due to fluoride 
may be eliminated by either of the following procedures : 

(1) Removing fluoride as volatite hydrogen fluoride (HF gas) by digesting the solid sample 
with conc. HCI and repeatedly evaporating to dryness in a FUME CUPBOARD (cf fluoride 
removal Sect. 7.5), followed by taking up the residue with dil. HNO,. Silicic acid if present, 
is also remeved as SiO, by this procedure. 


(п) On addition of beryllium nitate (or chloride) solution, demasking of the [MoO,F; ] 


complex ion takes place through the formation of [BeF; ] ion, based on the reaction : 


2[MoO,FI-] + Be?* + 2Н,0 — 2MoO}” + [Веб] + 4H*. 


5.20. Reactions of Borates (BO; , BO,-), Boric Acid (H,BO,) 
Three types of borate salts corresponding to three forms of boric acid may occur: 
H,BO, rc, HBO, 400, — H,B40; 
orthoboric acid metraboric acid pyroboric acid 
Salts of metaboric acid and pyroboric and are most common. Boric acids are all weak acids 
and borate ions are extensively hydrolysed giving alkaline solution (cf. p. 47). 
BO, + 2Н,0 = H,BO, + OH 
B,02> + 7H,O = 4H,BO, + 20H 
BO? + 3Н,О = H,BO, + ЗОН” 
Except alkali metal borates, all other borate salts are sparingly soluble in water, but they 
are fairly soluble in mineral acids and also in ammonium chloride solutions. 


Ca(BO,), + 2НСІ + 2H,0 — CaCl, + 2H,BO, 
Ca(BO,), + 2NH,CI + 2H,0 - CaCl, + 2H;BO, + 2NH,7 


Indication 
(1) Action of heat 


If free boric acid (H,BO,) is heated in a dry test tube, it volatilizes to form white fume. 
Borate salts on heating are transformed to metaborates, which often form molten transparent 
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mass. Transition metal borate salts form coloured melts. Borax (Na,B,0,.10H,O) on heating 
in àn ignition tube or on Pt-wire loop, first swells up, then subsides and finally transformed 
into a clear transparent bead of sodium metaborate (NaBO,), which forms coloured mass with 
transition. metals oxides (cf. Sect. 6.6 borax bead test). 


Na,B,O, 10H40  2NaBO, + В,0,? + 10H,07 
MO + B,O, А, M(BO,), (metaborates) 
MO + NaBO, A, NaM(BO,) forthoborates) 
(MO = oxides of Cu. Ni, Co, Mn, Fe. Cr) 


(2) Concentrated sulfuric acid 


No visible reaction takes place in the cold, although boric acid is liberated from the reactions 
of borate salts with H,SO, 


(Na,B,0,.10H,0 + H,SO, — Na,SO, + 4H,BO, + 5H,O 
Ca(BO,), + H,SO, — CaSO, + 2HBO, 
On heating, dense white fumes of boric acid becomes visible. 
(3) Action of concentrated acid on borate salt solution 


If a concentrated solution of borate salt (eg. borax) is treated with concentrated mineral 
acid (НСІ, HNO,, H,SO,), boric acid is precipitated on cooling the solution. 


Na,B,O, + 2HCI + 5H,0 — 4H,BO,4 + 2NaCI 
(4) Silver nitrate solution 


White precipitate of silver metaborate appears on treatment of a concentrated solution of 
borax with AgNO, solution, 

Na,B,O, + 4AgNO, + H,O — 4AgBO,1 + 2NaNO, + 2HNO, 

On boiling, the precipitate undergoes hydrolysis to form brown precipitate of silver oxide, 
which is directly formed in very dilute solutions, 

2AgBO, + 3H,0 — 2H,BO, + Ag,OL 
2BO,7- + ЗН,0 + 6Ag* — 3Ag,0+ + 2H,BO, 

Precipitated silver metaborate (AgBO,) is soluble in acetic acid. It is also soluble in 
ammonia solution due to the formation of [Ag(NH,)3] complex ion. 

CAUTION : Ammoniacal solution of silver salt should be discarded immediately after test 
to avoid explosion due to the formation of Ag,N (fulminating silver) which is formed slowly. 
(3) Barium chloride solution 

White precipitate of barium metaborate Ва(ВО,), appears on addition of BaCl, solution 
to a solution of borate. The precipitate is soluble in dilute mineral acids and also in solution 





B,O; + 2Ba** + H,O — 2Ba(BO,),+ + 2H* 
Ba(BO,),4 + 2H* + 2H,0 — Ва?* + 2H,BO, 
Ba(BO,),4 + 2NH,* + 2H,0 — Ва2* + 2H,BO, + 2NH,7 

Calcium and strontium chloride solutions react similarly. 

Confirmation 
(1) Concentrated H,SO, and alcohol (flame colouration) 

(a) Mix a small amount (~ 0.22) of the dry sample with ~ 2 mi of alcohol (methanol or 
ethanol, the former is preferred due to its greacter volatility) and a few drops of conc, H,SO, 
in a semi-micro test tube. Fix a bent glass tube with a cork at the mouth of the test tube (Fig. 
3.30a). Warm the test tube gently by placing in a hot water bath (Fig. 3.15) and ignite the 
issuing gas in a non-luminous flame of a Bunsen burner. The gas burns with a green edged 
flame if borate or boric acid is present. 

(b) Perform the above test (a) without adding conc. H,SO,. If a green edged flame is 
produced, free boric acid is present, not borate. 

The above observations are summerised below : 

Sample + alcohol + conc. H,SO, A, issuing gas burns with green edged flame 

— borate, boric acid. 
Sample + alcohol _A, issuing gas burns with green edged flame 
— boric acid only. 

Boric acid is set free when conc, H,SO, reacts with borate salts. Free boric acid reacts 
with alcohols in presence of conc. H,SO, to produe volatile borate esters, e.g. methylborate, 
B(OCH,), ог ethylborate, B(OC,H,), (POISONOUS), which burns with green edged flame: 

Na,B,0,.10H,0 + H,SO, — Na,SO, + 4H,BO, + 5H,O 
Н,ВО, + 3ROH — В(ОВ),? + 3H,0 
Cu and Ba salts produce similar green colouration of the Bunsen flame. 


(2) Concentrated H,SO, + CaF, (or NaF) test 

Mix a small quantity (~ 0.2g) of the dry sample with one third of its weight of CaF, (or 
NaF) on a watch glass and add a few drops of concentrated H,SO,. Mix with a glass rod 
to make a thick paste. Hold the glass rod with the paste at its end close to the base of the 
non-luminous flame of a Bunsen burner avoiding physical contact with the flame, The colour 
of the flame turns green if borate or boric is present. 

Boric acid and hydrogen fluoride produced in situ by the reactions of conc. H,SO, with 
borate and fluoride salts respectively, react among themselves to produce volatile boron 
trifluoride (BF), which imparts the green colour to the Bunsen flame, 

CaF, + H,SO, — CaSO,* 2HFT 
Na,B,O,.10H,O + H,SO, — Na,SO, + 4H,BO, + 5H,0 
H,BO, + 3HF =» BF,T + 3H,0 

Net reaction: " 

Na,B,0,.10H,0 + 6CaF, + 79,50, — 4BF,! + 6CaSO, + Na,SO, + 17H,07 

Cu and Ba salts do not interfere in this test, since their fluorides are not volalite. 


| 435 | 





(3) Mannitol-Bromothymol blue test 


Reagents > 

(1) Bromothymol blue (0.04%) : Dissolve 40 mg of bromothymol blue in 100 mi of 95% 
ethanol. 

(ti) Mannitol (10%) : Dissolve 10g of mannitol (C,H, ,O,) in water, add 1-2 drops of 
bromothymol blue indicator and neutralize the solution with dilute NaOH (~ 0.01M) 
solution until the yellow colour of the solution just turns blueish green. Dilute the 
solution to 100 mi. 

Boric acid (H. BO,) is a weak monoportic acid (pK" = 9.2) in aqueous solution. In presence 
of polyhydroxy organic compounds having two hydroxyl groups on adjacent C-atoms in cis- 
positions (ie, 1,2 cis-diols such as, mannitol, glycerol, dextrose or invert sugar etc.), acidity 
of aqeuous solution of boric acid is increased due to chelate formation with boron (3+), arising 
out of its tendency to achieve tetracoordination (cf. p-47). 


H,BO, + 2H,0 = H,O* + [B(OH),} pK" = 92 
| OH | 
— 0H М. Pas Ў pri E S. ОНГ 
+ В + Н,0 = Но + | DB. pK = 6-7 
—C—OH Non —с—0 OH 
| | | 


Enhancement of acidity (i.e. lowering of pH of the solution) is indicated by the change 
of colour (blueish green to yellow) of bromothylmol blue indicator (pH range 6-7.6). 

Take 1-2 ml of the Na,CO, extract (or the aqueous extract, as the case may be) of the 
sample in а semi-micro test tube, add | drop of bromothymol blue indicator and neutralize 
with dil. HCI or dil. NaOH solution as required to adjust at a just blueish green colour. The 
solution 15 now neutral with respect to bromothymol blue indicator. Place 1-2 drops of this 
neutralized solution on a spot plate and add a few drops of the mannitol reagent solution. The 
blueish green colour of the solution changes to yellow if borate or boric acid is present. 

Run a black test using distilled water in place of the sample solution. 

Limit of identification г 0.00134 of B 
Limit of dilution г | : 3x10. 
(4) Test with Turmeric (Curcuma) 

Reagents : (1) Tincture of curcuma (or termenic) paper : 

Boil 20g of curcuma with 50 m/ of ethanol, filter and dilute the extract with 50 mi of 
water. Soak a quantitative (Whatman No. 1) filter paper in the tincture of curcuma and dry 
the paper in an air even (< 100°C). 

(1) Curcuma silk : 

Take 50 тї of the tincture of curcuma in a small beaker, add | m/ of 5% NaOH solution 
and soak the threads of viscose silk in this solution. Warm the threads gently until the mass 
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becomes syrupy. Immerse the threads into 100 ml water containing | ml of ethanol. Press the 
threads between filter papers. Bath the threads in dilute H5SO, for some time. wash with water 
and dry in air. i 
Boric acid reacts with yellow coloured curcumin (diferuloylmethane) (1) and transforms 
it into the isomeric red brown coloured rosocyanine. A loose adsorption product between 
curcumin and boric acid is formed as an intermediate. 
0 


| 
ССН =н - CIHOHXOCH) 
2 = 
N C - CH = CH - C,H,(OH\(OCH,) 


(1) 


On treatment with alkali, the red-brown rosocyanine turns blueish black or greenish black 
The original red-brown colour is restored on acidification, 

Although Fe(III), [molybdate, Ti(IV), ZrO^*]* compounds also react with curcuma giving 
red-brown products, but unlike that derived from boric acid, these coloured products do not 
change colour or treatment with alkali. Oxidizing agents (eg. chromate, nitrite, НО, etc.) and 
also iodide interfere. These must be removed or decomposed before performing this test. 

(i) Place | drop of the test solution acidified with HCI on a curcuma paper and dry at 
~ 100°C in an air oven. A red-brown spot results. Add | drop of 1% NaOH solution to the 
spot. The colour of the spot changes from red-brown to blue or greenish black. Add 1-2 drops 
of dilute (1:1) HCl. The red-brown spot reappears. 

Limit of identification ; 0.024 of B 
Limit of dilution : | : 2.5*10°. 

(ii) Alternatively, place a drop of the test solution (or Na,CO, extract) in a clean porcelain 
crucible add drops of dilute (1:1) HCI to acidify the solution. Place a silk thread impregnated 
with the curcuma reagent into this acidified solution and evaporate gently on a hot water bath 
The thread is coloured pink-violet if borate is present. Bring the thread in contact with a dilute 
NaOH solution (1%). The colour changes to intense blue. 

Ti, Zr, Mo, W, and Ta]* salts do not interfere with this test if it is carried out in this manner. 


(5) Test with hydroxyanthraquinones (Quinalizarin, Alizarin, Alzarin-S) 

Reagents : (already described, cf. Mg**, AP* tests, cf Ch-4) 

Water insoluble hydroxyanthraquinones (1) dissolve in conc. H,SO, producing deep 
coloured solutions, which give charaterstic colour changes with boric acid, due to the formation 
of inner complex boric acid esters involving the OH” groups in the peri-positions (2). Conc. 
H,SO, in these reactions acts as a dehydrating agent. 

— — — — 
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B 
R о oH к Ó Об 
ОН | OH 
OX S OOO m 
R? р^ 
ka O R^ оО 
R! R? R? 
Alizarin H H H 
Alizarin-S H H -50,Н 
Quinalizarin OH OH H 
(1) 


Take a drop of the slightly alkaline test solution (Na,CO, extact) on a porcelain basin, 
evaporate to dryness. Treat the residue with 2-3 drops of the reagent solution and warm gently 
on a hot water bath. [Evaporation has to be done in alkaline condition to avoid loss of boric 
acid with steam]. Depending upon the reagent used, the following colour change takes place 
if boric acid or borate is present : 


Alizarin : vellow to red 
Alizarin-S : yellowish red to red 
Quinalizarin : violet to blue 


Sensitivity of the test is lowered by Be**. 

Sb(III) gives similar colouration as boric acid. Sb (III), if present, should be oxidized to 
Sb (V) by Cl,-water. Large quantities of coloured ions, eg. Cr+, Fe?*, Co?*, Ni?*, Cu** interfere 
with the test. Oxidizing acids (НМО,, HNO, etc.) impair the test. These may be eliminated 
by adding a crystal hydrazine sulfate before adding the reagent. lodide interferes by liberating 
iodine. lodide may be precipitated as harmless Agi by adding Ag, SO, solution. 

Limit of identification : 1.0, 1.0 and 0.6y of B with alizarin, alizarin-S and quinalizarin 
respectively. 

(6) Test by saponification of methylborate with alkali fluoride solution 

Reagents; 

(1) Manganous nitrate-silver nitrate-alkali fluoride solution : 

Dissolve ~ 2.9g of Mn(NO,), and ~ 1.7g of AgNO, in 100 m/ of water, add one drop 
of dilute (~ 1M) NaOH solution, stirr to mix uniformly. Filter any black precipitate formed 
at this stage. Add a solution of 3.5g of KF in 50 m/ of water to the clear filtrate and warm 
gently for a few minutes. A white precipitate, that is initially formed, turns gray. Cool to room 
temperature and filter again. Use the clear filtrate for the tests. 

(ii) Benzidine solution : Dissolve 0.05g of benzidine base or its hydrochloride in 10 mi of 
aceti =н and dilute to 100 m/ with water and then filter. Use the clear filtrate as the reagent. 








Boric acid reacts with aqueous solution of alkali fluoride giving an alkaline reaction due 

to the formation of very stable tetrafluoroborate complex, [BF,~] ion : 
B(OH), + 4K'F- — K'[BF,] + 3K* + 30H- 

The free alkali (OH™ ions) forms a black precipitate with manganese nitrate-silver nitrate 

reagent, due to precipitation of black MnO, and finely divided metallic silver. 
Мп2* + 2Ag* + 4ОН- > MnO,4 + 2Ag°L + 2H,0 

MnO, subsequently oxidizes acetic acid solution of benzidine to benzidine blue (cf. Sect. 
4.4 and 4.16). | 

Both boric acid and borates respond to this test. The acid or the borate salt should be first 
separated from the remaining part of the sample by converting beforehand into volatile 
methylborate ester (POISONOUS) by warming with pure methanol and a little conc. H,SO,, 

Ва(ВО,) + 6CH,OH + H,SO, — 2В(ОСН,),? + BaSO,+ + 4H,O 
B(OH), + 3CH,OH + 3[H,S0,] + В(ОСН,),? + 3[H,SO,. Н.О]. 

The methylborate ester (b.p. 65°C) is distilled into an absorbing liquid consisting of the 

reagent solution and alkali fluoride. The ester is saponified to set free boric acid, 
B(OCH,), + 3H,0 — B(OH), + 3CH,OH 

which reacts with alkali fluoride to form the [ВЕ] complex, liberating alkali (OH™ ion) 
due to profound tendency of B(3+) to achieve 4-coordination and very strong affinity of hard 
B(3+) cation for hard base F^ ion. 

Take a small quantity (<0.1g) of the test sample or 1-2 drops of the test solution (plus 
| drop of ~ 1M NaOH if the test solution is acidic), or 1-2 drops of the Na,CO, extract in 
à semi-micro distillation appearatus (Fig. 3.31). Evaporate to dryness if the test sample is a 
solution. Add 5 drops of pure methanol and 5 drops of conc. H,SO,. Stopper the apparatus 
with the distillation tube and attach a receiver containing the manganous nitrate-silver nitrate 
-potassium fluoride reagent solution. Adjust the hight of the absorbing solution so that the end 
of the distillation tube just dips into it as in Fig. 3.31. Now heat the contents of the distillation 
tube to ~ 80°C by placing it on a hot water bath (Fig. 3.15). Methylborate distills into the 
receiver and is saponified, setting free alkali, which reacts with Мп?“ and Ag" to form the 
black precipitate of MnO, and Ag" if borate or boric acid is present. 

Now dismantle the apparatus. Centrifuge the contents of the receiver and wash with water. 
Transfer a drop of the black slury on a spot plate with the acid of a dropper pipette. Add 
a few drops of acetic acid solution of benzidine reagent. Traces of MnO, in the slury is revealed 
by the appearance of blue colour. This method is recommended for detecting very small quantity 
or borate/boric acid. 

Limit of identifiation : 0.0\y of B 
Limit of dilution : | : 5x10*. 


(7) 4-Nitrobenzene-azo-chromotropic acid (i.e. Chromotrope 2B) reagent 


Reagent : 0.005% of chromotrope 2B in concentrated H,SO,. i 
Chromotrope 2B (1) has an esterifiable phenolic OH-group in a chelating positon with a 
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N-atom of the azo group. In presence of сопс, H,SO,, which functions as a dehydrating agent, 
the blue-violet coloured reagent reacts with orthro- or meta-boric acid to form greenish blue 
coloured inner chelate esters having the structural features i or (3). 


OH OH (HO),B— OB —' 


EO, = бо” ро 


Fluorides interfere by forming volatile BF, or fluoroboric acid (НВЕ, ), as а result, the 
borate esters can not be formed. Fluorides, if present, should be removed by volatilization as 
SIF, by digesting the sample with silica and conc. H,SO,. Oxidising agents, if present, may 
be rendered harmless by adding a crystal of hydrazine sulfate to the test solution before adding 
the reagent. 

Limit of identification г 0.087 of B (in 0.04 ml) 
Limit of dilution : | : 5х10*°. 

(1) Place a drop of the slightly alkaline test solution (Na,CO, extract) on a porcelain dish, 
evaporate the solution to dryness on a hot water both and while still hot, add 2-3 drops of 
the reagent solution and stirr with a glass rod. Cool to room temperature. If boric acidic (or, 
borate) is present, the colour changes from blue-violet to greewish blue. Run a blank test using 
a drop of distilled water in place of the test solution. 

(її) If any oxidising agent and fluoride ion are present : 

To 1-2 drops of the test solution on à porcelain basin, add 1 or 2 crystals of hydrazine sulfate, 
very small quantity of silica and 1-2 drops of conc. H,SO,. Heat the mixture gently in a FUME 
CUPBOARD until the dense white fumes of sulfur trioxide appear. Cool somewhat and while 
still hot, add 3-4 drop of the reagent solution to the residue. Note the colour change after cooling. 
If boric acid or borate is present, the colour changes from blue-violet to greenish blue. 

Limit of identification : 0.25y of B in presence of 11600 times of KCIO,, 13,000 times 
of KNO, and 0.5y of В in presence of 2700 times of NaF. 


5.21. Reactions of Silicate (SiO; ), Silica (SiO,), Silicic Acid (xSiO,.yH,O) 
Except the silicates of the alkali metals, all other silicates, silica and silicic acid are insoluble 
in water. Silicic acid being a weak acid, soluble silicates are extensively hydrolyzed in aqueous 
solution giving alkaline reaction : 
SiO; + 2Н,0 æ H,SiO, (= SiO,. Н,0) + 20H- 
Indication 
(1) Microcosmic salt bead test 


When microcosmic salt, (NH,)NaHPO, 4H,O is strongly heated, it first melts and then 
transforms into a transparent mass of sodium metaphosphate, NaPO,. 
(NH,)NaHPO, — NaPO, + NH,T + H,01 
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If à red hot platinum wire loop is touched with microcosmic salt, small amount of the 
salt adheres to the platinum loop, and on heating on a Bunsen flame, a transparent bead of 
sodium metaphosphate is produced on the platinum loop. If the red hot NaPO, bead is brought 
into contact with a silicate material, (eg. CaS1O.) the latter adheres to the кы When this 
mixture is strongly heated, silica (SiO,) is set free due to the reaction : 

NaPO, + CaSiO, — CaNaPO, + SiO, 

510, does not dissolve in the fused mass, but floats on the molten bead and its movement 
on the fused mass is clearly visible. 

Form a loop at the head of a clean platinum wire, Heat on a Bunsen flame to dull redness 
and introduce the red hot loop into microcosmic salt powder. Heat the wire with the adhering 
salt strongly. Repeat these operations 2-3 times until a clear transparent bead is produced. Now 
touch the red hot bead with the powdered sample, so that a small amount of the sample adheres 
to the bead. Heat strongly until the mass is fused again. Movement of a opaque mass (810,) 
on the transparent bead indicates SiO,. 


(2) Silicon tetrafluoride test 


Silica and silicic acid react with hydrogen fluoride (HF) to produce volalite silicon 
tetrafluoride (SiF,). If SiF, vapour is brought into contact with a drop of water, it dissolves 
in Water precipitating hexafluorosilicic acid (H,SiF,) and silicic acid, which render the water 
drop opaque. Hydrogen fluoride may be generated in situ by the reaction of a fluoride salt 
(CaF, or NaF) with conc. H4S0,. 

CaF, + H,SO, > 2HFT + CaSO, 
SiO, + АНЕ — SiF,* + 2H,0 

Net reaction: SiO, + 2CaF, + 2H,SO, > SiF,T + 2CaSO, + 2H,O 

3SiF, + 4H,O — Si(OH), [= SiO. 2H,0]* + 2Н,[81Е,]+ 

Since glass is made of silicates, this test can not be conducted in a glass test tube. This 
test has to be carried out in a small lead or in a platinum capsule. Large excess of CaF, or 
NaF should be avoided, as large quantity of HF (or H,F, etc.) interfere in the test. Borate 
and boric acid, if present, should be removed by warming the sample with methyl! alcohol 
and a little conc. H,SO, before applying the silicon tetrafluride test for silicate. 

Mix small amount of the powdered sample (~ 0.2-0.4g) with one third of its weight of 
CaF, (or NaF) in a platinum or a lead capsule (or crucible), add drops of conc, H,SO, to 
form a thin paste. Mix the contents with a stout Pt-wire. Cover the crucible with its lid having 
a small hole. Place the crucible on an asbestos board and heat gently in a FUME CUPBOARD. 
Hold a drop of water supported on a Pt-wire loop close to the hole of the crucible lid. The 
drop of water turns opaque. 

If instead of a drop of water, a drop of NaOH solution is held to the issuing SiF, gas, 
soluble sodium silicate and hexafluorosilicate are formed : 

3SiF, + 6NaOH — Na,SiO, + 2Na,SiF, + 3H,O 
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Treatment of insoluble silicate materials 
Insoluble silicate materials and silica may be brought into solution by fusing with anhydrous 
sodium carbonate in a platinum foil or in a platinum crucible. In semi-micro scale, this can 
also be done with a platinum wire loop, by forming a molten bead of anhydrous sodium 
carbonate it on. Molten sodium carbonate reacts with insoluble silica and silicates to form 
soluble sodium silicate: 
SiO, + Na,CO, — Na,SiO, + CO,T 
CaSiO, + Na,CO, — Na,SiO, + СаСО, + 
After cooling the melt, the resulting sodium silicate may be extracted with water, producing 
sodium silicate solution. Otherwise the cold mass may be treated with (1:1) HCI, when silicate 
is precipitated as hydrated silica or silicic acid and the metallic oxides and carbonates dissolve 
in HCI to produce the chloride salts. The precipitated hydrated silicic acid, because of its 
colloidal nature, is difficult to separate by filtration or centrifugation. On repeated digestion 
with conc. НСІ followed by backing, it is transformed into granular silica (SiO,), which can 
be obtained free from adhering soluble materials (chloride salts of metals) by washing with 
water by centrifugation. 
50057 + 2H* — H,SiO, 
Н,510, — 510,4 + H,OT 
Both the solution of sodium silicate and silica obtained in this way may be subjected to 
confirmatory tests. Tests of silicate ion in solution may be carried out with the water extract 
of the Na,CO, fusion melt (i.e. sodium silicate). 
Reactions of Silicate ion in solution 
(1) Dilute hydrochloric acid 


When a soluble silicate solution is acidified with dil. HCl, gelatinous precipitate of meta 
silicic acid (H,SiO,, commonly known as silicic acid) is formed. Because of its colloidal nature, 
the precipitate of silicic acid takes long time to settle. In fact, if a dilute solution of sodium 
silicate (<10%) is added to a moderately concentrated solution of HCI, the resulting silicic 
acid is not precipitated, it remains in colloidal form. The colloidal silicic acid coagulates and 
settles quickly on boiling the acidified solution of silicate. 


SiO} + 2H* > Н,510, (= SiO, H,OX 
Note : Silicate interferes with the tests of Ag*, Pb?*, Нр? with dil. НСІ in Group-l. 


2. Ammonium chloride or Ammonium carbonate solution 


Silicate solution is alkaline due to hydrolysis of silicate ion, In presence of ammonium 
а оле сее ао is neutralized due to acidic nature of NH,* ion, and silicic 
5 | itated with evolution of ammonia gas. 


SiO" + NH,’ + H,SiO, (= SiO, HO), + 2NH,* 
an: М? | | 











Note : Silicate interferes with the tests of metal ions of which the hydroxides are precipitated 
я treatment with NH CI and NH, solution, eg, Fe?*, AP*, Сг?* and with those precipitating 
as carbonates on treatment with ammonium carbonate ер. Ca**, Ѕг2* Ва? 
(3) Silver nitrate solution 


| Soluble silicates react with silver nitrate solution producing yellow precipitate of silver 
silicate, 
51037 + 2AgNO, — Ag,SiO,4 + 2NO. 
The precipitate of silver silicate is soluble in ammonia solution due to the formation of 
[Ag(NH,);] complex ion. Precipitated silver silicate also dissolves in dil. HNO., but silicic 
acid that is formed in the solution is precipitated [cf reaction (1)]. 


CAUTION : Discard immedialely the solution obtained by dissolving the precipitate of 
silver silicate in ammonia to avaid explosion. 


(4) Barium chloride or Calcium chloride solution 


White precipitate of barium (or calcium) silicate is formed when a silicate solution is treated 
with BaCl, (or CaCl,) solution. 


51027 + MCI, > MSiO,+ + 2C 
(M = Ba, Ca) 
Precipitated BaSiO, (or CaSiO,) is soluble in dilute HNO.. 


Confirmation 


The confirmatory tests of silicate should be performed with the insoluble silica residue 
or the solution of sodium silicate obtained from Na,CO, fusion extract of the sample. 


(1) Microcosmic salt bead test 
Perform the test with the silica residue following the procedure as described before. 


(2) Silicon tetrafluoride test 
Perform the test with the silica residue following procedure described before. 


(3) Benzidine blue-Molybdenum blue test 

Silicomolybdic acid, H,[SiMo,,O,, or Hy [Si(Mo,0,),}, like phosphomolybdic acid and 
arsenomolybdic acid, oxidizes benzidine to benzidine blue and itself is reduced to molybdenum 
blue (cf Sect. 5.19 tests for phosphate), although molybdic acid itself does not oxidize 
benzidine. But unlike the ammonium salts of phosphomolybdic and arsenomolybdic acids, 
ammonium salt of silicomolybdic acid is soluble in water. Therefore, if ammonium molybdate 
is added to a solution of silicate, the resulting ammonium silicomolybdate remains in solution 
forming a yellow colouration, whereas, if phosphate or arsenate is present, yellow precipitate 
of ammonium phosphomolybdate or ammonium arsenomolybdate is formed, which may be 
separated from silico molybdate solution by centrifugation or by capillary separation using as 
cappilary tube and a piece of pure cotton wool. The centrifugate may be tested for silicate. 
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(i) Place a drop of the clear liquid obtained after separation of an) yellow precipitate 
resulting from the reaction of ammonium molybdate and the nitric acid test solution on a spot 
plate, add 2 drop of 1*6 oxalic acid solution to decompose residual phosphomolybdate if any 
(or a crystal of tartaric acid to decompose residual arsenomolybdate if any) which has but 
little action on silicomolybdate complex. Add | drop of 0.05% benzidine reagent in dil. (1:10) 
acetic acid and a few crystals of sodium (or ammonium) acetate. A blue colouration is formed 
if silicate is present. Compare with a blank, adding all the reagents except the test solution. 

Limit of identification : бү of 510, 
Limit of dilution : | : 8300. 

(11) Alttarnatively, place 1-2 drops of the aqueous extract of the Na,CO, fusion melt (i.e, 
the solution containing sodium silicate) on a good qualily porcelain crucible, acidify with nitric 
acid (final acidity «0.5 №), add a crystal of tartaric acid and 2 drops of 1% oxalic acid and 
2-3 drops of the ammonium molybdate reagent, warm gently to remove effervescence if any. 
Cool to room temperature and add | drop of the benzidine reagent and a few crystals of sodium 
(or ammonium) acetate, A blue colouration appears if silicate is present. Compare with a blank. 

Limit of identification : 0.1y of SiO, 
Limit of dilution : | : 5x10. 

(111) Alternatively, take the opaque residue formed in the water drop supported оп a platinum 
wire loop, held in the issuing gas in the silicon tetrafluoride test, and place the same on a 
spot plate, add | drop of dil. HNO,, 2-3 drops of ammonium molybdate reagent, | drop of 
benzidine reagent and a few crystals of sodium (or ammonium) acetate. A blue colouration 
appears if silicate is present. Compare with a blank. 

This test is most confirmative, since phosphate, arsenate which also respond to benzidine 
blue test can not interfere, as the test is conducted with volatilized silicon tetrafluoride, which 
is free from phosphate and arsenate. Borate interferes by forming volatile BF,. If borate ог 
boric acid is present, remove them from the sample by warming with methanol and cone. H,SO, 
before performing the silicon tetrafluoride test. 

Limit of identification : Vy of SIO,. 
Limit of dilution : | : 5x10". 


(4) Ammonium molybdate-Stannous chloride test 


When silicate is separated from the sample by volatilization as silicon tetrafluride, by heating 
the sample with CaF, (or NaF) and conc. H,SO, in a Pt or a Pb-capsule (crucible) and the 
resulting SIF} gas is absorbed in a drop of sodium hydroxide solution supported on a platinum 
wire loop, soluble sodium silicate and sodium hexafluorosilicate (cf. silicon tetrafluoride test, 
described before) are formed. If the sodium silicate and sodium hexaflourosilicate mixture is 
treated with ammonium molybdate reagent, ammonium silicomolybdate is formed, which on 
treatment with stannous chloride, is reduced to molybdenum blue. Ammonium molybdate, itself, 
45 not reduced to molybdenum blue by stannous chloride. 
| Here also phosphate and arsenate can not interfere, as the test is conducted with the volatile 
SiF,, which is free from phosphate and arsenate, Borate if present, seek eee 
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boron tr fluoride (BF,) along with SIF,. Borate should be removed by warming the sample 
lise methanol and conc. H,SO, in a Pt of Pb capsule before performing the silicon tetrafluoride 
test. 

Mix a small amount (~ 0.1g) of the solid sample or the silica residue obtained after extracting 
Na,CO, fusion melt with HCI, with one third of its mass of sodium (or calcium) fluoride in 
a Pt or a Pb crucible, moisten the mixture with a few drops of conc. H5SO, to form a thin 
paste. Mix with a stout Pt-wire, cover the crucible with its lid having a small hole in it. Warm 
gently in а FUME CUPBOARD. Hold a drop of 2N NaOH solution supported on a Pt-wire 
loop over the hole of the crucible lid, so that the drop of NaOH comes in contact with the 
issuing gas if any. Now transfer the drop into a spot plate, add 2-3 drop of 10% ammonium 
molybdate reagent and then a few drops of 4N acetic acid until faintly acidic. Add a few drops 
of 5% SnCl, in 3N HCI solution, finally drops of conc. NaOH solution (~ 5N) until the . 
precipitate of Sn(OH), that is initially formed, just dissolves in excess of alkali. A blue 
colouration results if silicate is present. Arsenate and phosphate do not interfere. 

Note : Arsenate and phosphate will intenfere, if the test is conducted with the solution 
of silicate. 

Limit of dilution : | : 10,000. 
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CHAPTER - 6 


Preliminary Dry Tests for Cation and Anion 
Radicals 





6.1 Introduction 

Qualitative inorganic analysis employes two types of experiments: (1) dry tests and (it) wet 
reactions. Dry tests or preliminary tests, are carried out with solid samples or materials, whereas, 
for carrying out the wet reactions the substance under examination has to be transformed into 
solution by extracting with (i) water, (ii) dilute or concentrated acids, (iti) caustic alkali, (iv) 
sodium carbonate solution or (v) fusion with fusion-mixture followed by extraction with water 
and (vi) fusion with potassium pyrosulfate followed by extraction with dilute H,SO,. Technical 
aspects for carrying out some of the important dry tests are discussed in this chapter. 

Dry tests are carried out before dissolving the sample for wet analysis. Dry tests often 
provide valuable clues to the presence or absence of certain radicals. The course of the wet 
analysis may be organized/modified based upon the information obtained from dry tests. The 
course of the analysis may be shortened to a great extent by making use of the information 
obtained from the dry tests coupled with sound chemical knowledge. The course of the analysis 
may be very much complecated without any preliminary knowledge about the radicals, as may 
be obtained from dry tests. 


6.2 Examination of Physical Nature : Colour and Texture 


The physical appearance of the materials should be carefully examined with the help of 
a magnifying lens or a microcope if necessary. The following characterstics are to be noted 
and recorded, 

(1) Texture - crystalline or amorphous, 

(п) Нуроѕсоріс or delequescent, 

(111) Whether attracted by a magnet (i.e. whether magnetic), 

(iv) Whether possesses any charactenstic odour, 

(v) Whether coloured or white. 

Alkali metal (Na*, К?) and МН,” salts are mostly crystalline. Sulfate, nitrate, halide salts 
of transition and post-transition metals are also crystalline and often contain water of 
crystallization, Oxides, carbonates and sulfides of most metals are amorphous. 

Alkali and alkaline earth metal compounds are white coloured. Transition metal compounds 


occur in different colours. Post-transition metal salts are mostly white coloured, but those with 


heavier anions (5%, Вг", I-) and oxides are coloured, Some commonly occurring coloured 
compounds are listed here : 
Black : PbS, HgS. CuS, FeS, CoS, NiS, Ag,S; 
CuO, MnO,, Со,О,, Pb,S,0,. 
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Brown: d. CdO, Fe.O,, Ag; AsQ,, Sn. BiS}, MnS, 
Fe(OH), and Fe-0, (red-brown) [MoO,, UO,]* 


Ble: С u50,.5H;0, other hydrated Cu'--salts, Prussian blue, anhydrous Cof'-salts. 


IV 29 p 
[V'*, VO? (vanadyl), Mo,0,. 2МоО,, W,0,]* 


Green: Hydrated Fel'-salts; ер. FeSO,.7H | 
, Е E О, ^ è 
Nil pelt, “ЫСО, CrO,, CrCI..6H40, COH), K.MnO,. Hg;l; hydrated 
i" salts, e.g, NiSO,.7H,O; NiCL.6H.O. [У!!, phosphomolybdic acid, U,O,, U 
compounds]* ка 


Yellow: | Chromates of alkali, alkaline earth metals: K,CrO,, Na,CrO,, CaCrO,, SrCrO,. 
BaC О, PbCrO,; CdS, As.S., As,S,. SnS,; Pbl}, HgO (precipitated), Fel! salts 
eg. FePO,, FeCl,, K,[Fe(CN),]; [Ce'"-salts, uranyl salts, phosphomolybdates, 
WO,, UO,]*. 


Orange: Sb,S, and Sb,S, (orange-red), K,[Fe(CN),], K,Cr,0,, (NH,),Cr,0,, Ag;CrO,. 
Pink : Hydrated salts of Co" and Mn", permanganate (KMnO,), Сг!!! alums, 
Red: — Pb.O,, CrO,, Cu,0, Fe,O,, HgO, Hgl,, As,S,, Си [На], 


White : BaSO,, SrSO,, CaSO,, PbSO,, Al,O,, carbonates, silicates of Ва, Sr, Ca, Pb, 
Cd, Mg; SiO,.xH,O; sodium, potassium and ammonium salts with non-metallo 
acids. [Ве!!, Zr'V, Th! Til" compounds, MoO,]* 


6.3 Ignition Test 


Take a small amount («0.1g) of the solid sample in a dry test tube (60-70 mm х 7-8 mm) 
plug the mouth of the test tube with a small piece of cotton wool, heat first gently and then 
strongly by holding the test tube slightly tilted over a non-luminous Bunsen flame and observe 
if the following changes take place : 

(i) Change of colour : 

Due to decomposition and also due to loss of water of crystallization. 

(ii) Evolution of gases . 

Due to decomposition of salts eg, nitrate, nitrite, bromide, iodide, carbonate, 
bicarbonate, sulfide, sulfite, thiosulfate etc. Ammonia is evolved when ammonium salts 
are heated in presence of basic substances and alkalies, 

(iii) Formation of sublimate ` 

Vapour evolved on heating the sample, condenses and deposits as solids on the cooler 
part of the test tube. Sublimates are mainly formed by mercury, arsenic and ammonium 
salts. The colour of the sublimate gives important clues for identification of radicals. 

Observations on ignition tests with some known substance are listed below. 

*Rare elements 
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(i) Evolution of gaseous product and (ii) Change of colour etc. 


m ow 


.| Carbonate, bicarbonate 


Observations 










Decomposition, evolution of CO,, turns lime-water 
turbid (cf Fig. 3.31) 

MgCO, > MgO + CO, 

CO, + Ca(OH), ^ Сасо,+ + H,O | 
Dark brown or redish fume (of oxides of №), acidic | 
reaction to moist litmus paper (cf. Fig. 3.27) 
2Pb(NO,), -> 2PbO + 4NO,T + О, 

2NO, + H,O - HNO, + HNO, 


.| Nitrate, nitrites of 
heavy metals 





| Componds with water 
of crystallization, 

hydroxides, acid salts, 
NH,” salts 


Evolution of water vapour, condensing at the cooler 
part of the test tube, often change of colour (for 
transtion metal salts), some times change of litmus colour 
(cf. Fig. 3.27) 

CuSO,. 5H,0 — CuSO, + 5H,07 

(blue) (white) 

2CuSO, — 2CuO + 28051 + 0,7 

(white) (black) 








‚| Ammonium salts, 
such as (NH,),CO, 


Evolution of ammonia, turns red litmus paper blue 
(ef. Fig. 3.27) 


.| Ammonium nitrate Evolution of nitrous oxide and steam, with rekindling 


of glowing splint 
NH,NO, ә N,OT + 2Н,0? 








.| Sulfite, thiosulfate and 
certain sulfates 


.| Hydrated sulfide 


Evolution of SO,, decolourises fuchsin solution, turns 
acid K,Cr,O, paper green (cf. Fig. 3.29) 

Evolution of H,S, tums Pb-acetate paper black 
(cf Figs. 3.2 and 3.29), 


| Evolution of yellowish-green (Cl) gas, bleaches 
moist litmus paper, turns starch iodide paper 
blue. [Caution : don't inhale} (cf Fig. 3.29). 
Redish-brown (Br,) vapour, turns starch-iodide paper 
blue, turns fluorescein paper red. (cf. Fig. 3.27). 


Violet (1,) vapour, condensing to black crystals, turns 
starch paper blue (cf. Fig. 3.27). 





.| Unstable chloride salts 
or chloride in presence 
of oxidizing agents 


Bromide in presence of 
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Substance 


Alkali metal salts [NaCI, 
KCl, K,S0,, KHSO, etc.] 


Melting occurs. 


2.| Zinc salts Yellow when hot white when cold. 


‚| Pb-compounds Yellow when hot and cold. 


4.| Ammonium dichromate 


| Vigorous reaction with firing, evolution of colourless 
(CAUTION) 


odour less (№) gas, change of colour from redish brown, 
(NH,),Cr,0, to green Сг,О,. 
(NH,),Cr,0, + Cr,0, + NT + 4H,07 





(iii) Formation of Sublimate (Caution: Poisonous) 


Ammonium salts, Не) White sublimate. 
salts, As,O,, 56,0, 


Аѕ,5,. Hgl. 













Yellow sublimate. 






Hg-salts Grey sublimate, easily rubbed to globules of mercury. 


As-compounds Steel grey sublimate. 


If a sublimate is formed, mix a small amount («0.1g) of the sample with 4 times its bulk 
of anhydrous sodium carbonate and а small amount of charcoal powder. Place the mixture 
in а dry test tube, plug the mouth of the test tube with small piece of cotton wool (cf. Fig. 
3.27) heat the mixture with a non-luminous flame of the burner and note the observations: 
























Hg-compounds Grey mirror, transforms into globules of Hg on rubbing 
(POISONOUS) with a glass rod. 

As-compounds Browish black mirror with white sublimate. 
(POISONOUS) 

NH,' salts Evolution of ammonia, turus moist red litmus paper 


blue, mercurous nitrate paper black (cf Fig, 3.27). 


6.4 Action of Caustic Alkali (Test for NH,” radical) 
If ammonium radical is suspected in the ignition test (i.e. if a white sublimate is formed), 


perform the following test). 
Take a small amount (< 0.1g) of the sample in a semi-micro test tube and add cautiously 


~ 0.5 ml of strong (~ 5M) sodium hydroxide solution using a dropper. Plug the mouth of the 
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test tube with piece of clean cotton wool (cf. Figs. 3.27, 3.29) and heat the mixture gently, 
Hold a drop reaction paper spoted with phenolphthalin indicator to the issuing gas. A red spot 
appears, which disppeares on drying the paper, indicating the presence of ammonium radical. 
Ammonium salts react with caustic alkali to set free ammonia, which turns phenolphthalin red. 
On drving the paper, ammonia volatilizes out, turning the indicator paper colourless. 


NH,CI + NaOH — NaCl + H,O + NH,* 


Note : Care should be taken to avoid contamination of NaOH solution with the drop reaction 
paper. If the paper is contaminated with NaOH solution, phenolphthalin turns parmanently red. 
The red colour does not disappear on drying the paper. 


6.5 Flame Test 


Compounds of certain metallic elements when exposed to the non-luminous flame of a 
Bunsen burner. impart chararteristic colours to the flame. Since chloride salts of metals are 
among the most volatile metallic comounds, these are generated in situ by moistening the solid 
sample with a little conc. HCI while applving the flame test. 

To understand the physicohemical aspects of the flame test it is essential to have some 
preliminary knowledge about the structure and chemical characteristies of a non-luminous 
Bunsen flame, which consists of the several parts (Fig. 6.1). 


/ \ eee = + = Upper oxidizing zone (4) 
AE ges - Upper reducing zone (5) 
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225" 
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Fig.6.1. Structure and chemical nature of different zones of non luminous Bunsen flame. 


(1) inner blue zone-A consisting of unburnt fuel gases, 

(11) а luminous part-B, visible when the air hole is slightly closed, 

(її) an outer mantle-C, where complete combustion of fuel gases takes place. 

The gas in zone-A is preheated by conduction and radiation from the reaction zone-B and 
by diffusion of radicals into it. The gases emerging from zone-B consist mainly of CO, H,, 
CO, and H,O (vapour) and N, (if air is one of the original gas), with small amounts of H, 





O and OH. The actual composition of the gas mixture of course, depends upon the initial 
composition of the fuel, proportion of air in the mixture and temperature. The gases in this 
region are not in thermal equilibrium. The proportions of the free readicals are very large and 
these serve as precursors of chemi-luminescent reactions. The outer mantle ( region-C) has the 
highest temperature and the gases in this region are at complete thermal equilibrium. 

The lowest temperature zone (1) is located at the base of the flame. This zone is 
employed for testing of flame colouration with volatile materials. The hotest part of the 
flame is the fusion zone (2), occuring about one third of the height of the flame, nearly 
equidistant from the inside and outside of the mantle. This region is employed for examining 
the fusibilitv of materials. Just outside border of this hotest zone (2), 15 situated the lower 
oxidizing zone (3), which is employed for oxidation of substances fused in borax beads, 
microcosmic salt beads or sodium carbonate beads. The upper oxidizing zone (4) is situated 
on the top of the non-luminous flame. Although oxygen supply is plently in this region, 
but the temperature is not as high as in the lower oxidizing zone (3). This region may 
be employed for oxidation processes, which do not require the highest temperature. At 
the tip of the inner blue cone (B), is situated the upper reducing zone (5), which is rich 
in incandesent carbon and is suitable for reduction reactions, particularly of metallic oxides 
to the metals. Inside the inner edge of the mantle, next to the blue cone, is situated the 
lower reducing zone (6). In this region, the reducing fuel gases mix with O, (air). Reducing 
power of this region is lower than that of the upper reducing zone (5). This region is 
suitable for reduction of substances fused in borax or microcosmic salt or sodium carbonate 


beads. 


Procedure of flame test 


Platinum wire: A thin platinum wire (diameter — 0.05 mm, length — 3-5 cm) is fused into 
the end of a short piece of (— 10-15 cm) glass rod or glass tubing, which serves as the handle. 


Cleaning of platinum wire 


The platinum wire should be thoroughly cleaned before using it for flame test. For this 
purpose the wire should be first dipped into concentrated hydrochloric and taken in a small 
watch glass and heated in the fusion zone (2) of the non-Iuminous flame of a Bunsen burner. 
The operation should be repeated until no colour is imparted to the flame. Some times the 
platinum wire after use acquires a deposit, which is often difficult to remove by this simple 
treatment with concentrated hydrochloric acid and then heating. Such deposits may be 
conveniently removed by treatment with fused potassium hydrogen sulfate (KHSO,) or borax 
(Na,B,O;, 10H,O). A coating of these salts may be made to adhere to the platinum wire, first 
by heating the wire to dull redness and then drawing the red hot wire across a crystal of these 
solid salts. If the wire, coated with these salts, is now passed slowly through the flame, a bead 
of the salt (KHSO, or borax) is formed and travels along the wire. This molten bead dissolves 
the contaminating deposits (mostly metallic oxides and salts) on the platinum wire. 
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NB : For the chemical reactions involved in this cleaning operation, see borax bead test 
and fusion test with KHSO, (cf Sects. 6.6, 7.9c). 

After a few run of the molten bead across the hot platinum wire, the bead is to be dislodged 
from the wire һу taking it out of the flame, so that it is cooled some what and then jerking 
the glass rod gently. Any small residue of KHSO, or borax on the wire dissolves readily in 
water. For removing the last traces of these salts, the wire is moistend with concentrated 


hydrochloric acid and then heated in the flame as before repeately until it imparts no colour 
to the flame. 


Flame testing with the sample 


Dip the tip of the clean platinum wire into a fresh portion of concentrated hydrochloric 
acid taken in a watch glass, touch the powdered sample with the HCl-moisten wire so that 
a minute grain of the sample adheres to the wire. Introduce the wire with the sample at its 
head into the lower oxidizing zone (3) of the non-luminous Bunsen flame and observe the 
colour imparted to it. Repeat this operation of moistening the wire with conc. HCI and heating 
it in the lower oxidizing zone (3) first (for more volatile materials) and then in the fusion 
zone (2) (for less volatile substances) to identify the element imparting the colour to the flame, 
When more than one element produce mixed colouration to the flame, it is often possible to 
filter out one colour from the mixture by viewing the flame colour through two thickness of 
cobalt glass (double blue glass as are commonty called). As for example, sodium imparts bright 
golden yellow colour and potassium imparts violet (lilac) colour to the flame. The violet colour 
due to potassium is masked by the bright golden yellow colour due to sodium if the flame 
is viewed through naked eye. But when viewed through the double blue glasses, the yellow 
sodium flame colour is absorbed and the potassium flame colour appears crimson red. 

Perform flame tests with salts of Na, K, Ca, Sr, Ba, Cu and record your observations. 


(SL No. Samples (Salts/componds of) | Observations : Flame colouration 
1. 


Sodium Persistent golden-vellow 
Potassium Violet (lilac) 


Transicent brick red (vellowish) 


































Calcium 

















Strontium Crimson red 
Barium (Molybdenum)* Yellowish green 
Copper, Borates Green 

Lead, Arsenic Blue 

Antimony, Bismuth, 


also Coppers 


* Platinum wire is corroded by lead, arsenic, antimony and bismuth 
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If sodium, potassium, calcium, strontium and barium are suspected in the flame test, view 
the flame through double blue glasses and record your observations. 


SI. | Samples Observations : 
No. | (Salts/Compounds) - | 


Through neked eye 



















Flame colouration 


Through double blue glasses 



























Sodium Golden yellow Colourless 
Potassium Violet (lilac) Crimson red 
Calcium Transient brick-red Light green 
Strontium Crimson Purple 

Barium Yellowish green Yellowish green 


After all the tests are completed, clean the platinum wire as described before and strore 
the same in concentrated hydrochloric acid taken in hard glass test tube. For this purpose fix 
а cork with the glass rod at the end opposite to that holding the platinum wire. Fit the glass 
rod at the mouth of the hard glass test tube with the help of this cork. Half fill the test tube 
with concentrated hydrochloric acid so that the full length of the platinum wire remains 
immersed into the acid. 


Chemistry of flame colouration 


The following sequence of events take place rapidly when a platinum wire containing the 
sample, moistened with concentrated hydrochloric acid (for transformation into chloride salts 
in situ for their higher volatility), is heated in a non-luminous flame of a Bunsen burner. 

(i) Water and hydrochloric acid are vaporised leaving minute particles of the dry salt 
(chlorides). 

(ii) The dey salt is vaporised at the high temperature of the flame, and part or all of the 
gaseous molecules progressively dissociate to give neutral atoms. 

(111) Some of the free metal atoms react with the other atoms and radicals present in the. 
flame gas. 

(iv) The vapours of the neutral metal atoms or of the molecules containing the metal atoms 
are excited by the thermal energy of the flame, or by any chemical excitation mechanism. 
lonization and excitation of the neutral atoms may also take place to some extent. 

(v) From the excited electronic states, the atoms, molecules and the ions then relax or return 
to their respective ground electronic states partly by impacts with other species and partly bv 
spontaneous emission of radiations that fall in the visible region. 

The process may be explained taking calcium chloride or calcium carbonate as example: 


CaCO, + 2HCI > CaCl, + CO,T + H,07 

CaCl, + OH (from Пате) = CaOH + 2С! 

CaCl, + О (from Пате) = СаО + 2CI 

CaCl,(g) = Са° (g) + 2CI'(g) = Ca**(g) + 2Cl'(g) 
Са) > Са* (g) +e 
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The excitation process raises the energy of the electrons in the atoms/molecules/ions to 
higher energy levels (E,) and this is followed by loss of a discrete amount of energy in the 
form of radiant energy (E; — E, = AE = hv) as the electron falls back into its original position 
or a lower energy level (E,). In neutral atom spectra, the emission of radiation occurs as discrete 
lines, not necessarily of single wave length. The electrons may relax to the ground state through 
a series of intermediate energy levels, emitting several spectral lines. 

Each period of the periodic table starts with an alkali metal, for which the differentiating 
electron occupies a higher quantum shell and this is follwed by an alkaline earth metal, the 
new electron of which also occupies the same quantum shell. The attraction of the positive 
nucleus for the outer most electrons of the alkali and alkaline earth metals atoms are relatively 
weaker than those in the case of the p-block elements of the same period, in which the outermost 
electron shells are drawn closer to the nucleus with increase of nuclear charge, as the 
differentiating electrons are added to the same p-subshell. For this reason, the outer most 
electrons of the alkali and alkaline earth metals may be promoted to higher energy levels bv 
excitation with even relatively lower energy as available from a ordianary fuel gas Bunsen 
flame, with which it is not possible to excite the outermost electrons of the p-block elements. 
The d-block metal copper is, however, similar to the alkali/alkaline earth metals in this respect 
and responds to flame test. 


Special procedure for flame test with insoluble sulfates : (SrSO,, BaSO,) 


Sulfates of strontium and barium are insoluble in concentrated hydrochloric acid. As such 
these are not transformed to the corresponding chlorides when moistened with concentrated 
hydrochloric acid, as is done before flame test. However, these sulfates may be reduced to 
sulfide by heating the HCl-moistened sample at the tip of the platinum wire in the upper reducing 
zone (5) of the non-luminous Bunsen flame. This zone is rich in incandesent carbon particles, 
which reduce the sulfates to sulfides. 

MSO, + 4C > MS + 4COT 
MSO, + 2С — MS + 2CO. 
(M = Sr, Ва) 

When the sulfide incrustation (MS) on the platinum wire is brought into contact with 

concentrated hydrochloric acid, the sulfides dissolve in HCI to produce the metallic chlorides. 


MS + 2HCI > MCLT + H,ST 
The platinum wire is now heated in the lower oxidizing zone (3) of the non-luminous Bunsen 
flame. If this operation is repeated 2-3 times, the characrteistic colour of the flame then appears. 
6.6 Borax Bead Test 


Take a clean platinum wire (as mentioned in the flame test) and coil its free end into a 
small loop (~ 2 mm diameter) through which only a match stick may pass. Heat the loop to 
dull redness in the non-luminous Bunsen flame and then dip it quickly into borax powder 
(Na,B,O,.10H,O). Small amount of solid borax adheres to the Pt wire loop. Now hold the 
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wire in the hotest part of the flame. The salt swells up as it loses its water of crystallization, 
eventually it shrinks and forms a colourless glass like transparent bead on the loop. The chemical 
composition of this borax bead is a mixture of sodium metaborate (NaBO,) and boric anlydride 
(B,0,), formed due to thermal dehydration of borax follwed by thermal decomposition : 
Na,B,O,.10H,O — Na,B,O, + 10H,O7 
Na,B,O, — 2NaBO, + В,0, 
. Now dip the bead, while still hot, into the finelly powdered sample to be tested, so that 
а minute grain of the sample adheres to the bead. 

NB : Only minute quantity of the substance should adhere to the bead. Otherwise, the 
bead may become dark and opaque in the heating operation that follows. 

Now heat the bead containing the sample first in the lower reducing zone (6) of the non- 
luminuns Bunsen flame, allow to cool and observe the colour. Next, heat the bead in the lower 
oxidizing zone (3) of the flame, allow cool and observe the colour again. Characteristic coloured 
beads for heating in the oxidizing and in the reducing flames are observed with transition metal 
compounds i.e. with Cu, Fe, Cr, Mn, Co, Ni salts (also with the rare elements Mo, Au, W, 
U. Vy IS Се). 

After each individual test, the borax bead has to be removed from the platinum wire. For 
this purpose, heat the bead again in the hotest part of the non-luminous Bunsen flame so that 
the bead melts. Give a gentle jerk to the glass handle, the bead is dislodged. Dip the red hot 
wire again in some borax powder and heat the adheving borax again until another borax bead 
is formed, then dislodge the bead as before. Repeat this operation 2-3 times so that the last 
trace of the sample is removed from the wire. Then moisten the wire with concentrated 
hydrochloric acid taken in a watch glass and heat the HCl-moistened wire in the hotest part 
of the non-luminous flame. Repeat this operation until the flame does not show any golden 
yellow colouration (due to sodium from borax). 


Chemistry of borox bead test 


The colours of the borax beads are due to coloured borate salts (or complexes) formed 
by transition metals, which because of their ability to exist in more than one easily inter 
convertible oxidation states, give borates of different colours when heated in oxidizing and 
reducing flames. Compounds of coinage metals (eg. Cu) may even be reduced to elemental 
state when its borate bead is heated in the reducing flame. 

The chemical reactions involved in borax bead test will be illustrated here with a copper 


(II) salt, eg, CuSO,. 59,0, 
Thermal dehydration and decomposition reactions: 
Na,B,O,. 10H,O — Na;B,O, + 10H,07 
Na,B,0, -> 2NaBO, + В,0; 
CuSO,.5H,O -> CuSO, + 5H,07 
2CuSO, — 2CuO + 2S0,7 + 0,7 
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Reactions in the oxidizing flame г Formation of Сий) borates : 
CuO + B,O, > Cu'(BO,), (metaborate) 
CuO + NaBO, — NaCu" BO, — (orthoborate) 

Complex meta borates, eg, Na,[M(BO,),], M = Co, Ni, Cu may also be formed : 
Cu(BO,), + 2NaBO, — Na,[Cu(BO,),]. 

Reactions in the reducing flame : 

(1) Reduction of blue coloured Cu(Il) borates to colourless Cu(1) borates by the incandescent 

carbon present in the reducing flame, 


2Cu(BO,), + C — 2CuBO, + B,O, + COT 
(ii) Reduction of blue coloured Cu(1I) borate to opaque-red coloured metallic copper (Cu) 
by incandescent carbon present in the reducing flame, 
Cu(BO,), + C — Cu? + BO, + COT 
With iron salts, ferric metaborate Fe(BO,), and ferrous metaborate Fe(BO,), are formed 
in oxidizing and reducing flames respectively, 
Colours of borax beads 


(i) With 3d transition metal compounds 


| ^ Lm en [3 ишн — 
Green 
Blue 

Yellow 
Violet (amethyst)| Amethyst 
Yellow-brown 
Violet 














Colourless 
| Blue 
Green 
Colourless 


Copper 
Cobalt 
Chromium 








Opaque red-brown | 
Blue 

Green 
Colourless 
Bottle-green 










Manganese 
Iron 
Nickel 











6.7 Microcosmic Salt (Phosphate) Bead Test 


Microcosmic salt is ammonium sodium hydrogenphosphate ^ tetrahvdrate, 
NH, NaHPO,.4H,0. On heating in the non-luminous Bunsen flame, the salt undergoes thermal 


dehydration and deammoniation to produce colourless transparent mass of sodium meta 
phosphate (NaPO. ). 


NH,NaHPO,.4H,0 — NaPO, + 5Н„О7 + NH,7 
A sodium metaphosphate bead can be formed on a clean platinum wire loop in the same 
manner as the borax bead described before (cf Sect. 6.6). The molten metaphosphate bead ' 
combines with oxides and other salts of transition metals to form orthophosphates, which are 


coloured and are offten different coloured when heated in oxidizing and reducing flames and 
observed in hot and cold conditions. 


NaPO, + CoO — NaCoPO, 
NaPO, + CuO > NaCuPO, 
NaPO, + Cu,O — NaCu,PO, 
Colours of microcosmic salt beads 


(i) With 3d transition on metal compounds 


il 













Reducing flam 
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|, | Copper Green Blue Colourless | Red 

2, | Cobalt Blue Blue Blue Blue 

3. | Chromium | Green Geeen | Green Green 

4, | Manganese | Violet Violet | Colourless | Colourless 

5. | Iron Yellow (yellow-brown)| Yellow | Yellow Colourless/bottle green 
6. | Nickel Brown Brown | — Grey 








(ii) With rare element compounds 


Oxidizing Name 
PUN CI us | S | — 










































Titanium Colourless Colourless Yellow Violet 
Vanadium | Yellow Yellow — Green 
Uranium Yellow Yellow-green Green Green 
Tungsten Pale yellow Colourless Green Blue 





Acidic oxides such as silica (SiO,) do not dissolve in molten phosphate bead. If silicate 
salts are strongly heated on a microcosmic salt bead, silica is liberated (since silicic acid is 
weaker than phosphoric acid) and floates on the molten bead in the form of a semi-transluscent 
mass, which can be seen during and after fusion. 

CaSiO, + NaPO, =» NaCaPO, + 510,4 
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This reaction offers a test for detection of silicate salts and silica or silicic acid. But this 
can not be a confirmatory test for silica or silicate since some metallic silicates dissolve in 
phosphate bead. 

Borax beads being more viscous than phosphate beads, adhere to the platinum wire much 
better, but colours of the metallic phosphate beads, although similar, but are more pronounced 
than the corresponding borax beads. 


6.8. Oxidative Fusion Test on Sodium Carbonate Bead 


On a clean platinum wire loop, form a sodium carbonate bead in the same manner as the 
borox bead or microcosmic salt bead, by heating the anhydrous salt on the ptalinum wire loop 
strongly on a non-luminous Bunsen flame. Unlike borax and phosphate beads which are 
transparent, the sodium carbonate bead is opaque. Moisten the bead slightly and dip it into 
a little potassium nitrate (KNO,) which serves as an oxidant and then into the powdered sample, 
so that a minute grain of the solid sample adheres to the bead. Now heat the whole bead in 
the oxidizing flame of the Bunsen burner and observe its colour. This oxidative fusion test 
is very useful for detection of chromium and manganese salts. 

Chromium salts are first transformed to green chromic oxide (Cr,O,), which is subsequently 
oxidized by КМО, to yellow coloured chromate (CrO,*>) ion : 

КМО, — 2KNO, + 0,7 
2Cr,0, + 4Na,CO, + 30,(g) + 4Na,CrO, + 4CO;T 

Manganese salts are first transformed to manganese oxide (MnO) or black manganese 
dioxide (MnO,), which are subsequently oxidized by KNO, to green coloured manganate 
(MnO,*>) ion : 

MnO + Na,CO, + O,(g) — Na,MnO, + CO,7 
2MnO, + 2Na,CO, + O,(g) =» 2Na,MnO, + 2С0,7 

Treatment of coloured sodium carbnate beads 

Dissolve the yellow or green coloured sodium carbonate bead in 2-3 drops of water in 
a cavity of a spot plate and perform the following tests for chromium and manganese. If 
chromium is present, the colour of the bead as well as its aqueous extract will be yellow. 

Place a drop of the yellow extract in another cavity of the spot plate, acidify with drops 
of acetic acid and then add a drop of lead acetate solution, Yellow precipitate lead chromate 
(PbCrO,) appears. Perform other tests of chromate with the remaining amount of the yellow 
chromate extract (cf Sect. 5.18). 

If manganese is present, the colour of the bead as well as its aqueous extract will be green. 
Place a drop of the green extract in another cavity of the spot plate, acidify with drops of 
dilute HNO, and add a minute grain of sodium bismuthate (NaBiO;) powder. Pink colouration 
appears as green coloured manganate (MnOj ) is oxidized by sodium bismuthate to 
permanganate (МпО;) ion. 

à - . 2MnOY + BiO, + 6H* -» В?” + 2MnO; + 3H,0 

Note : The oxidative fusion test may also be carried out on a mica foil. 
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6.9. Action of Dilute Sulfuric Acid 


Take a small amount (~ 10 mg) of the solid sample in a semi-micro test tube and add 
~ 0.5-1 ml of dilute 2N sulfuric acid, plug the mouth of the test tube with a piece of clean 
cotton wool (Fig. 3.27) and observe whether any chemical reaction takes place in the cold. 
Place the test tube on a hot water bath (Fig. 3.15) and observe any change that takes place. 

Dilute sulfuric acid (dilute HCI may also be used) apart from dissolving the basic substances 
such as metallic oxides and hydroxides, decomposes the salts of weak acids such as carbonate. 
bicarbonate, sulfite, sulfide, thiosulfate, nitrite etc. Carbonates and bicarbnates decompose with ` 
evolution of colourless, odourless CO, gas, that turns lime-water turbid due to precipitation | 
of CaCO,, which dissolves forming bicarbnate, on passing excess of CO, gas (cf Fig. 3.31). 


CO; + 2H* — H,O + CO,? 
HCO,” + Н” 2 H,O + CO,1 
CO, + Ca(OH), — CaCO,+ + H,O 
CaCO,/s) + CO, + HO > Ca(HCO, ), 
Sulfites and thiosulfates decompose with evolution of SO, gas having suffocating smell 
of burning sulfur [CAUTION : don't inhale]. Like CO, gas, SO, gas also turns lime-water 


turbid due to precipitation of CaSO,, which dissolves in excess of SO,, forming bisulfite (cf. 
Fig. 3.31). With thiosulfate salts, evolution of SO, is accompanied by separation of sulfur. 


SO; + 2H* > H,O + 80,7 


$03. + 2H* + H,O + SO,* + St 
SO, + Ca(OH), — CaSO,+ + H,O 
CaSO,(s) + SO, + H,O — Ca(HSO,), 


Because of reducing property, SO, gas 
(i) discharges the blue colour of starch-iodine paper, 


SO, + 1, + 2H,0 > SO; + 2L + 4H" 
(ii) turns orange coloured acid dichromate (К,Сг,О,) paper green due to Сг” 
350, + СО?” + 2H* 2 2Cr* + 350]- + Н,0 


(iii) decolourises fuchsin paper (cf tests for sulfite, Sect. 5.5). 

Perform these tests in an apparatus as shown in Fig. 3.29. 

Sulfides of alkali and alkaline earth metals dissolve in dilute sulfuric acid with evolution 
of colourless H,S gas having smell of rotten eggs [CAUTION : H,S gas is POISONOUS 
don't inhale}. Sulfides of some earlier d-block elements dissolve in dilute H,SO, with evolution 
of H,S gas, but those of latter d-block elements do not. As for example, FeS dissolves in dilute 
H,SO, with evolution of H,S (cf. Sect. 3.3 Kipp's apparatus), whereas, CuS does not react 
with dilute H,SO,. Rather, CuS is precipitated when Cu" salt solutions are treated with H,S 
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in acid medium, H4S gas may detected from blackening of lead acetate paper, held at the mouth 
of the test tube (cf. Fig. 3.27). 
FeS + H,SO, — FeSO, + H,ST 
CuSO, + H,S — CuS« + H,SO, 
Pb(CH,COO), + H,S (g) — PbS (black)& + 2CH,COOH 
Note : Although both Ес?” (ag) and Си?" (ag) ions are bordeline Lewis acids, but in presence 
of a strong field soft Lewis base ligand, such as sulfide ion, Fe** assumes low spin configuration, 
and its radius becomes much smaller than that of Cu** ion under the same condition. As а 
result, Ре" behaves as a hard Lewis acid, showing reluctance to bind sulfide ion, whereas, 
Си?" behaves as а soft Lewis acid, prefers to bind sulfide ion. 
Nitrite salts react with dilute H,SO, with evolution of redish brown nitrous fumes, 
2NaNO, + H,SO, — 2HNO, + Na,SO, 
3HNO, — H,O + HNO, + NOT 
2NO + O, (air) — 2NO, fredish brown)” 
Obserations on treatment of same inorganic salts with dilute sulfuric acid are summarized 
below. 


Inference/Radicals 


Evolution of colourless odourless gas CO, from carbonate/bicarbonates 
in cold, turning lime-water turbid. 

















Evolution of colourless gas in cold SO, from sulfite/bisulfite 
with smell of burning sulfur, 

(1) turns lime-water turbid, 

| (ii) discharges blue colour of starch -L, paper, 
| (i1) turns acid dichromate paper green. 
Evolution of SO, gas as in (2) with 
deposition of sulfur. 

Evolution of SO, gas as in (2) on boiling 

5. | Evolution of redish brown fumes in cold 
| with diagreeable adour. 

. | Evolution of colourless gas with smell 

of rotten eggs. 

(i) blackens lead acetate paper, 

| (ii) cadmium hydoxide slury turns yellow. 


6.10. Actions of Concentrated Sulfuric Acid 












SO, gas from thiosulfate 

















Thiocyanate 
NO, from nitrite 









Н,5 from sulfide. 







(a) Concentrated sulfuric acid alone 


Таке ~ 10 mg of the solid sample in a dry semi-micro test tube, add carefully а few drops 
: | ае sulfuric acid using а dropper avoiding contact with the wall of the 
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tube. : сы e 

= | eel — of the test tube with а piece of pure cotton wool or fine glass wool 
| s un serve whether any reaction takes place in the cold. If no reaction takes place 
in е cold, place the test tube оп a hot water bath (Fig. 3.15). 

Concentrated sulfuric acid exterts dehydrating action in the cold and dehydrating as well 
as displacement reactions in the hot condition, Hot concentrated sulfuric acid may also exert 
oxidizing actions on easily oxidizable radicals, such as bromide and iodide. 
| All substance that react with dilute sulfuric acid, react vigorously with conc. H,SO 
involving rapid evolution of gaseous products, : 264 

| Concentrated sulfuric acid reacts with halide salts (MX) to liberate halogen acids (HX), 
X н halogen. HF gas attacks glass, forms oily bubbles sticking to the wall of the test tube 
as И reacts with silica of the glass to form silicon tetraflouride gas. 

2NaF + H,SO, — 2НЕ? + Na,SO, 

AHF(g) + SiO, — SiF,T + 2Н,0 

: It the SiF, gas is brought into contact with water, gelatinous precipitate consisting of silicic 

acid and hexafluorosilicic acid is formed. 

SSIF (g) + 4Н,0 = Si(OH),+ + H,SiF,+ 

Concentrated sulfuric acid reacts with chloride salts, displaces colourless pungent smelling 
hydrogen chloride (НСІ) gas, which forms white fume of NH,CI when brought into contact 
with ammonia gas. 

NaCl + H,SO, — HCIT + NaHSO, 
НСІ) + NH,(g) > NH,CI(s) 

Bromide and iodide salts react with concentrated sulfuric acid with evolution of pungent 
smelling hydrogen bromide (HBr) and hydrogen iodide (HI) gases, which are immediately 
oxidized bv hot concentrated sulfuric acid, evolving brown vapour of bromine and violet vapour 
of iodine respectively. 

KBr + Н,50, > НВг? + NaHSO, 
2HBr/g) + H,SO, > SO,T + Br, + 2H,O 
KI + H,SO, > HIT + NaHSO, 

2HI (g) + H,SO, > 80,7 + LT + 2H,0 

Nitrate and nitrite salts react with conc. H,SO, with displacement of the corresponding 
acids, which are immedialely dehydrated by hot concentrated H,SO,, when pungent smelling 
brown fumes composed of NO,, NO, O, appear according to reactions : 

NaNO, + H,SO, > HNO, + NaHSO, 

NaNO, 4 H,SO 4 => HNO, + NaHSO, 

4HNO, + 2H,SO, — 4NO,T + 0,7 + 21980, H,0] 
2HNO, + H480, = NO, * NOT + [H,SO,. но]. 





The observations and the inferences with different radicals are summarized below : 


C — Ones — 


Oily bubbles appear in the cold, the bubbles tend 
to adhere to the wall of the test tube and corrode 
glass. Gelatinous solid mass is formed if a drop 
of water is held to the issuing gas with the aid 
of a glass rod. 


Inference/Radicals 


HF from fluoride 




















Colourless gas of pungent odour. Fumes in air (i.e. | НС! from chlorides 
| in contact with moisture). Dense white fume (of 
NH,CI) appears when a drop of ammonia solution 
is held to the issuing gas with the aid of a glass 


rod. 

















Redish brown vapour of pungent odour, fumes in 
contact with moisture (air). 


HBr, Br, from bromides, NO, from 
nitrate, nitrite, CrO,Cl, (chromy! 
chloride) from a mixture of chloride 
| and chromate/ dichromate. 









Perform the same test in presence of (i) MnO, 
and (ti) Cu-turnings to differentiate (see latter). | 


















Violet vapour with pungent odour. НІ and 1, from iodides, 


Colourless gas evolved, burns with blue flame 
[CAUTION : Don't inhale, POISONOUS]. 


Yellow colouration in cold, vigorous reaction 
occurs on warming. Evolved gas burns with blue 
flame (COS), decolourizes fuchsin solution 
(SO,), separation of sulfur occurs. 


CO from ferrocyanide/ferricyanile 











COS and SO, from thiocyanate. 






If a colourless or a redish brown vapour appears by the aciton of conc. H4SO, (test 6.10a), 
perform the following tests. 


(b) Action of concentrated sulfuric acid and manganese dioxide 


Mix a small amount (— 10 mg) of the solid sample and nearly the same amount of manganese 
dioxide in a dry semi-micro test tube, and add ~ 0.5 т! of conc. H,SO,. Plug the mouth of 
the test tube with a piece of clean cotton wool or fine glass wool (cf. Fig. 3.29) and heat 
the mixture gently on a hot water bath. 

Hydrogen halides (except HF) liberated from the reaction of hot concentrated sulfuric acid 
with halide salts (chloride, bromide and iodide) are oxidized by MnO,, with liberation of free 
halogens of characteristic colour according to the chemical reactions : 

4HX + MnO, — MnX, + 2H,0 + X,T(X = Cl, Br, J). 


Yellowish green gas evolved Cl, from chloride 
(1) irritating odour, 

(ii) bleaches litmus paper, 

(ui) turns KI-starch paper blue 


Intense redish brown vapour evolved, turns Br, from bromide 
(i) fluorescein paper red, 
(ii) fuchsin-bisulfite paper violet. 


Intense violet vapour evolved. l, from iodide 
colours starch-paper blue. 





(c) Action of hot cone. H,SO, and copper turnings (Cu-T) 

Mix a small quantity (~ 10 mg) of the solid sample with a few pieces of bright copper 
turnings in a semi-micro test tube and add a few drops (< 0.5 ml) of cone. Н,50, to it, using 
a dropper. Plug the mouth of the test tube with a piece of clean cotton wool or fine glass 
wool (cf Fig. 329) and heat the mixture gently, Intense brown fume due to NO, appears and 
the resulting solution assumes a blue colour (due to Cu"), 

Nitrate and nitite salts are ultimately transformed to nitric acid, that decomposes to produce 
brown fumes of NO, and reacts with metallic copper producing the Cu(II) nitrate : 

NaNO, + H,SO, — HNO, + NaHSO, 

NaNO, + H,SO, — HNO, + NaHSO, 

3HNO, > HNO, + 2NOT + H,O 

4HNO, + Cu — Cu(NO,), + 2NO,7 + 2Н,0 
8HNO, + 3Cu — 3Cu(NO,), + 2NOT + 4H,O 
2NO(g) + O, (air) => 2NO,T 

H,SO, + H,O — [H5SO,. Н,0]. 


6.11. Alkaline Reduction 
Tests for Nitrate (or Nitrite) by reduction to NH, 4 | | 
If NH,* radical is suspected іп the ignition test, it should be removed by boiling with caustic 
alkali before proceeding to this test. | | n 
(a) Take a small amount (< 10 mg) of the solid sample in a semi-micro test tube, add 
~ 0.5-1 ml of concentrated (~20%) sodium hydroxide solution carefully avoiding contact with 
the wall of the test tube, plug the mouth of the test tube with a piece of clean cotton wool 
(cf. Fig. 3.29) and heat the mixture gently. Hold a drop reaction paper spotted with a seni 
of phenolphthalin indicator to the issuing gas. If the spot turns red, ammonia is deae ow 
hold the paper near the flame. Red colour disappears as ammonia is evaporated. | etaintion 
of the red spot even on holding the paper near the flame indicates contamination with sodium 
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hydroxide. In that case, discard the paper and take a new one spotted with phenolphthalin 
indicator. 

(b) If ammonia is present, continue boiling the sample with NaOH solution until ammonia 
is completely removed (indicated by no red colouration of phenolphthalin paper, test 6.11a). 
Cool the solution to room temperature and add a little (~ 0.1g) of zinc dust, or aluminium 
foil, or Devarda's alloy (Al 4595, Zn 5% and Cu 50%). Add a few drops of water if necessary 
and heat the mixture gently. Remove the test tube from the flame occasionally to reduce the 
vigour of the reaction due to evolution of hydrogen gas. Hold a filter paper spotted with 
phenolphthalin indicator to the issuing gas (Fig. 3.27). Appearance of red colour and its 
disappearance on drying the paper at this stage indicate nitrate/nitrite. 

(1) Reactions with nitrates . 

NO, + 4Zn + 7ОН- + 4ZnOj- + 2H,O + NH,? 
3NO, + 8Al + 50H- + 2H,0 — 8AIO,- + 3NH,7 

(ii) Reactions with nitrites : 

NO, + 3Zn + SOH- — 32n0;- + H,O + NH4T 
NO," + 2Al + ОН" + H,O э 2А10,- + NH,? 

Note : Thiocyanates, ferrocyanides, ferricyanides ete, may also respond to this test. So 
nitrate/nitrite indicated by this test, should be confirmed by their characteristic wet tests (cf 
Sect. 4.24). \ 


6.12. Chromyl Chloride Test for Chloride 


This test should be performed if halides are indicated by the aciton of concentrated sulfuric 
acid on the sample (test 6.10). 

Mix a small quantity (< 0.1g) of the solid sample intimately with three times its bulk of 
powdered potassium dichromate in a semi-micro test tube and add 1-2 drops of concentrated 
sulfuric acid. Place а drop of dilute sodium hydroxide solution at the head of a glass knob 
or à capillary dropper above the mixture (Fig. 3.29b). Warm the mixture gently for a few 
minutes. The NaOH solution assumes a vellow colour if chloride (or fluoride) is present. 
Transfer the yellow solution (of sodium chromate) to two adjacent cavities of a spot plate and 
perform the following tests. 

(i) Acidify one part with acetic acid and add a drop of lead acetate solution, A yellow 
precipitate of lead chromate (PbCrO,) appears. 

(ti) Acidify the other part with dilute sulfuric acid and add a drop of alcoholic solution 
of diphenylcarbazide. A violet colouration appears. 

4NaCl + K,Cr,0, + 6H,SO, + 2CrO,Cl,T + 2KHSO, + 4NaHSO, + 3H,0 
Cr0,Cl, + 4NaOH > Na,CrO, + 2NaCl + 2H,0 
масо, + e idi = РЬСтО,} + 2N00CCH,, 








some chlorine gas may also be liberated due to oxidation of choride by K4Cr.O, in presence 
of hot conc. H480,. 2 


6NaCl + K Cr O, + 7H,SO, — K,SO, + 3Na,SO, + Cr,(SO,), + 79,0 + 3С!,? 
| Fluorides produce volatile chromyl fluoride (C rO,F.). which is decomposed by water and 
interferes with the chromylehloride test. Bromide and iodides are oxidized to free halogens, 
which on reaction with NaOH solution are transformed to colourless corresponding oxyhalides, 
and do not interfere. If much iodide is present, iodine formed in the reaction may be oxidized 
to 1odic acid by chromic acid formed in situ. In presence conc. H,SO,, espicially under hot 
condition, iodic acid may oxidize chlorides to liberate chlorine gas with regeneration of iodide, 
which again reacts and renders the chromyl chloride test a failure. Chlorides of mercury, because 
of their covalent nature, do not respond to chromyl chloride test. Chlorides of Pb, Ag, Sb, 
Sn etc. react only partially, 

CAUTION : Ammonium dichromate should not be used in this test in place of potassium 
dichromate, since ammonium dichromate on heating explodes violently : 


(NH,),Cr,0, + Cr,O, + N,T + 4H,07 
Note : For detecting chromate/dichromate, perform the same test taking a chloride salt, 
such as KCI, NaCl, in place of K,Cr,O. and proceed as usual, 
6.13. Reductive Fusion Test with Metallic Sodium (or Potassium) 
Test for sulfur acids 
Take a small quantity («0.1g) of the solid sample in a dry fusion tube, warm gently to 
remove water of crystallization if any. To the anhydrous residue of the sample add a small 
piece of metallic sodium (or potassium). Heat the fusion tube gently at first and then to dull 
redness until fusion occurs, Continue heating for 2-3 minutes. Cool to room temperature and 
crush the fused mass in a morter-pastle containing little water. Triturate and filter (Figs. 3.19- 
3.21). The alkaline filtrate contains sodium sulfide if sulfur acids are present in the sample, 
as molten metallic sodium reduces these to sulfide. Thiocyanate remains unchanged. Oxyhalides 
are reduced to halide. Nitrate and nitrie and reduced to ammonia which volatilizes. 
Na,SO, + 8Na — Na,S + 43,0 
Na,SO, + 6Na — Na,S + 3Na0 
№,5,0; + Na — 2Na,S + 3Na,O0 
Na,O + H,O э 2NaOH 
CAUTION : Do not use excess of metallic sodium (or potassium), to avoid explosion and 
fire due to the formation of H, gas during extraction of the fused mass with water. 
2Na + 2H,0 — 2NaOH + H;* 
Perform the following tests with the filtrate. Positive tests indicate the presence of sulfur 


acids ; viz, sulfate/sulfite/thiosulfate/sulfide thiocyanate. | "^ voe 
(i) Place a drop of the filtrate on a spot plate, add drops of dilute acetic acid until acidic 





О 
and then add a drop of lead acetate solution. Black precipitate of lead sulfide indicates sulfur 
acids. 
Na,S + Pb(CH,COO), + PbS+ + 2NaOOCCH, 
(ii) To a drop of the filtrate on a spot plate add one drop of freshly prepared sodium 
nitroprusside solution. A transient purple colouration indicates sulfur acids. 


Na,S + Na,[Fe(CN),NO] — Na,[Fe(CN),NOS] 


6.14. Tests for Borate and Free Boric Acid 


(a) Boron trifluoride test : Mix a small quantity (< 0.1g) of the sample with four times 
its bulk of calcium fluoride on a watch glass, Add 2-3 drops of concentrated sulfuric acid 
and stirr with a glass rod to make paste. Hold some of this paste on a platinum wire loop 
just out side the base of the non-luminous flame of the Bunsen burner with out touching it. 
A green colouration of the flame due to boron trifluoride is observed if borate or free boric 
acid is present. 

CaF, + H,SO, — CaSO, + 2HF 

Na,B,O, + H4SO, = Na,SO, + 2B,0, + H,O 
2H,BO, + 3H,SO, = B,O, + 3[H,SO,. Н,0] 
B.O, + 6HF(g) = 2BF,7 + 3H,0 

Note : Although copper and barium compounds produce green colouration to Bunsen flame, 
but they do not interfere with the borate test if conducted by the procedure described above. 
Due to greater volalility of boron trifluoride, it imparts green colouration to the flame even 
the borate-fluoride-H,SO, paste is held out side the flame without touching it. But copper and 
barium flames appear only when their halide salts are held touching the Bunsen flame, since 
these are non-volatile. 

(b) Methyl borate test : Place a small quantity (< 0.1g) of the solid sample in a semi-micro 
test tube, add 1-2 m? of methanol, followed by a few drops of concentrated sulfuric acid. Fix 
a bent glass tube fitted with a rubber cork at the mouth of the test tube (Fig. 3.30a). Place 
the test tube on a hot water bath (Fig. 3.15). Ignite the issuing gas [trimethyl borate ester, 
B(OCH,),]. The gas burns with green flame at the mouth of the glass tube. 

Na,B,O, + H,SO, — Na,SO, + 2B,0, + H;O 
B,O, + 6CH,OH — 2B(OCH,),T + 3H,0 
H,BO, + 3CH,OH + В(ОСН,);,? + 3H;O 
H,SO, + H,O =» [H,SO,.H,0] 

(c) Spot test : Perform the methy! borate test as described above by holding a drop of 
an aqueous solution of a mixture of potassium fluoride, manganous nitrate and silver nitrate 
in a capillary glass dropper at the mouth of the reaction tube (Fig. 3.29b). A black precipitate 
is formed in the glass tube. The methy! borate gas, produced in the reaction, is absorbed in 
the potassium fluoride solution and undergoes hydrolysis to produce boric acid. 
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Boric acid reacts with potassium fluoride, producing potassium fluoroborate, K[BF,] and 
KOH. In presence of caustic alkali (KOH), silver nitrate oxidizes manganous nitrate to black 
MnO, and itself is reduced to black metallic silver 

H.BO, + 4KF — K[BF,] + 3KOH 
Mn** + 2Ag* + 40H^ — MnO,+ + Арі + 2Н,0 

If a small amount of benzidine soultion in acetic acid is added to the reagent (i.e. mixture 
of Mn(NO,),, AgNO, and KF), MnO, formed in the reaction oxidizes colourless benzidine 
to benzidine blue (cf Sects. 4.16, 5.14). 

(d) Tests for free boric acid : Both borate salts and free boric acid (H,BO,) are indicated 
by the tests (a) (b) and (c) conducted with conc. H,SO,, which transforms borates into boric 
acid or boric anlydride (B,O,). If these tests are positive, either H,BO, or borate or both may 
be present. To be sure as to whether free boric acid alone is present, not the borate salts, the 
methyl! borate test should be carried out without using conc. H,SO,. If this test is positive, 
then free boric acid (H,BO,) is present, not any borate salt. 


6.15. Catalysis of lodine-Azide Reaction 
Test for sulfide, thiosulfate, thiocyanate 


Reduction of iodine solution by sodium azide normally takes place very slowly, involving 

very slow discharge of iodine colour with evolution of N. gas. 
2NaN, + І, — 2Nal + 3№,7 

But the reaction takes place very rapidly in the presence of sulfide, thiosulfate and 
thiocyanate. In presence of other reducing agents, only the iodine colour is discharged without 
evolution of gas (N,). Whereas, in presence of oxidizing agents, such as permanganate, 
dichromate, iodate, bromate, Fe?* ion etc. iodine colour is retained but azide is oxidized to 
nitrogen gas, Observations (1-3) and the corresponding inferences of iodine-azide test are 
summarized below: 

Take 2 drops of iodine-azide reagent on a spot plate, add a pinch of the solid sample and 
stirr with a glass rod and observe the changes. 


lodine-azide test 


l 
(3) Discharge of |, colour 
and evolution of N, gas 


(1) Evolution of N, gas with Sulfide/thiosulfate/ (2) Discharge of l, colour 
retaintion of l, colour thiocyanate present without evolution of N, gas 


| 
Oxidizing agent present To be confirmed by Reducing agent present 
chracteristic tests 
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6.16. Action of Sodium Stannite Solution 
Test for Ag, Hg and Bi salts 
Take 1-2 drops of stannous chloride solution in a semi-micro centrifuge tube, add drops 
of sodium hydroxide (~ 2M) solution, until the white precipitate of Sn(OH), that is initially 
formed, passes into alkali solution producing sodium stannite (Na,SnO,). Place the test tube 
on à hot water both (Fig. 3.15) for 2-3 minutes, centrifuge and transfer a drop of the clear 
centrifugate to а cavity of the spot plate containing small amount (-10 mg) of the sample. 
Immediate blackening due to reduction of the metal ions to finely divided metals indicates 
the presence of Ag. Hg and Bi-salts. 
SnCl, + 2NaOH —> 2NaCl + Sn(OH),+ 
Sn(OH),/s) + 2NaOH — Na,SnO, + 2H,0 
2AgNO, + Na,SnO, + 2NaOH — 2Agi + Na,SnO, + 2NaNO, + H,O 
Hg,(NO,), + Na,SnO, + 2NaOH — 2Hg+ + Na,SnO, + 2NaNO, + H,O 
Hg(NO;), + Na,SnO, + 2NaOH — Hg? + Na,SnO, + 2NaNO, + H,O 
2Bi(NO.), + 6NaOH + 3Na;SnO,— 281+ + 3Na,SnO, + 6NaNO, + 3H,0 
Note : The test may be applied on the solid sample if it is not originally black coloured, 
otherwise the test may be applied on a drop of the solution of the sample. 


E 


6.17. Action of Ammonia Solution [Test for Hg(I)] 


To a small amount (< 10 mg) of the sample on a spot plate add one drop of ammonia 
solution. Immediate blackening indicates Hg(I) salt. In presence of ammonia solution, which 
is alkaline in nature, Hg(I) undergoes disproportionation (cf. Sect. 2.4 (j, 1)) to black metallic 
mercury and infusible white precipitate of amino mercuric salt. 

НЕСІ, + 2NH,  Hg'(NH,)CH. + Нр + NH,CI 


6.18. Silicon Tetrafluoride Test for Silica or Silicates/Silicic acid. 


Mix а small quantity (< 0.1g) of the solid sample with one third of its weight of calcium 
fluoride or sodium fluoride in a lead or platinum crucible. Add drops of conc. H,SO, and 
stirr with a stout platinum wire to make a thin paste. 

Caution : Don't use glass rod for mixing, as glass also contains silica/silicate. 

Cover the crucible with its lid having a small hole. Warm the mixture gently inside a FUME 
CUPBOARD and hold a drop of water in a loop of platinum wire to the issuing gas coming 
out through the hole of the crucible cover. The water drop soon transforms into a opaque solid 
mass of silicic acid (H,SiO,) and hexafluorosilicic acid (H,SiF,), produced due to hydrolysis 
of silicon tetrafluoride (SiF,) resulting from the reaction of silica/silicate with HF released 
from the reaction of CaF, (or NaF) with conc. H,SO,. 

CaF, + H,SO, — CaSO, + 2HFT 


A E 


SiO, + 4HF (g) + SiF,T + 2H,0 
JSiF,(g) + 4H,0 — SiOH), + 2H,SiF e} 
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Now place the opaque mass containing SI(OH), and H,SiF, on a spot plate, add a drop 
of conc. HNO,, one drop of ammonium molybdate reagent and a crystal of sodium or ammonium 
acetate and finally add a drop of benzidine reagent in acetic acid (cf. Sect. 5.21). A blue 
colouration indicates silica or silicate. Run a blank test using all the reagents except the opaque 


mass obtained in the SiF , test. 
6.19. Action of (H,O, + HCI) Solution 


Oxidizing agents such as MnO., PbO,, Pb,O,, K,Cr,0,, etc. are reduced by H-0, in acid 
medium. This is indicated by disappearence of colours of these materials. Similarly, sulfide 
thiosulfate, iodide etc. are oxidized by H,O,. Sulfides of transition metals and post-transition 
metals are coloured. Oxidation of sulfide is indicated by bleaching of the colours of these 
sulfides. 


MnO, + 4HCI — MnCl, + Cl, + 2H,0 

MnO, + H,O, + 2HCI —» MnCl, + 2H,O + О, 
PbS + 4H,0, — PbSO, + 4H,0 

PbO, + H,O, + 2HCI — PbCl, + 2H,O + О, 

Take a small amount (~ 10 mg) of the black coloured solid sample on a spot plate, add 
| drop of (1:1) HCI, 1-2 drops of 6% H,O, (20-volume) and stirr with a glass rod. Bleaching 
indicates апу of the above type of reactions. 

6.20. Action of (H,O, * NaOH) Solution . 


Compounds of transition metals, eg, Mn, Fe, Co, Ni, Cu undergo blackening due to oxidation 
of the metal ions and precipitation of oxides or hydroxides in their higher oxidation states. 
Sulfide (S^-), if present, is oxidized to sulfate : 


Ма?* + Н,0, + 20H > MnO,+ + 2H,0 
2Co?* + H,O, + 40H- — 2Co(OH),+ 
S^ + 4H,0, — SO; + 4H,0 
Take a small amount (— 10 mg) of the solid sample on a spot plate, add 1-2 drop of 6% 
H,O, (20-volume), 1 drop of dilute (~ 2 M) sodium hydroxide solution and stirr with a glass 
rod А 


Blackening — Mn?*, Co?*, NP*, Си?* ete. 
Bleaching — Oxidation of black sulfides (e.g. PbS) to sulfate (PbSO,). 


6.21. Action of Ferric Chloride Solution 


Take a small quantity (~ 10 mg) of the solid sample on a spot plate, add | drop of dilute 
hydrochloric acid and add | drop of ferric chloride solution. Stirr with a glass rod and observe 


any change of colour. 


» ‹ 
I | | 








(1) Blood red colouration — Thiocvanate 
(п) Prussian blue colouration — Ferrocyanide. 


(itt) Brown colouration, turns blue on addition of starch — lodide. 


6.22. Action of Ferrous Sulfate Solution 


Take a small amount (~ 10 mg) of the solid sample on a spot plate, add | drop of dilute 
sulfuric acid and а crystal of ferrous sulfate or Mohr's salt. Stirr with a glass rod and observe 
any change of colour. 


7 5 3 UE NUT | ЖУР 
(1) Bleaching — Presence of oxidizing agent, eg, MnO., Сђ05 . 
(п) Dark blue colouration — Ferricyanide 


6.23. Action of Ammoniacal Silver Nitrate Solution 

То a small quantity (~ 10 mg) of solid sample on a spot plate, add 1-2 drops of ag-ammonia 
and | drop of silver nitrate solution, stirr with a glass rod. Blackening indicates Mn, Fe, Co, 
Ni, Cr (green), due to precipitation of higher valent oxides of the transition metals and black 
metallic silver. 
6.24. Tests for Phosphate, Arsenate (also Arsenite) 


Take a small quantity (~ 10 mg) of the sample in a semi-micro test tube, add ~ 0.5 ml 
of concentrated nitric acid and heat gently for 2-3 minutes. Cool and dilute with 1-2 ml of 
water, allow to settle or centrifuge if necessary. Perform the following tests with the clear 
supernatant liquid. 

(a) To 1-2 drops of the HNO, extract, add — 10-15 drops of ammonium molybdate reagent 

and heat gently on a hot water bath (Fig. 3.15). 

A canary yellow precipitate indicates phosphate. 

If a yellow precipitate is not formed on gentle warming, boil the mixture gently for 2- 

3 minutes, 

A canary yellow precipitate at this stage indicates arsenate also arsenite, since 
arsenite is oxidized to arsenate by hot concentrated nitric acid. 
(b) If a canary yellow precipitate appears in the above test (a), take in another test tube, 1- 

2 drops of the HNO, extract, add a few crystals of tartaric aid and — 10-15 drops of 


ammonium molvbdate reagent. Boil the mixture gently for 2-3 minutes, Two cases may 
arise : 


() A canary yellow percipitate is formed. 
А canary yellow precipitate in this test indicates the presence of phosphate, but does 
not indicate the absence of arsenate. 

(й) Canary yellow precipitate is not formed | 
A canary yellow precipitate in test (a) and no such precipitate in this test indicates 
the presence of arsenate, Pu 











These observations and inferences may be summarized as follows : 


MECO 


(1) (NH,),MoO, + HNO., | Canary yellow precipitate PO; 
warming 

(ii) (NH,),MoO, + HNO, 

boiling. 

If test (a) is positive, 

perform test (b). 



























Canary yellow precipitate | AsO} (also PO] ) 





(NH,),MoO, + tartaric acid 
+ HNO.. boiling 


Canary yellow pricipitate 





No precipitate 


Note : Arsenite, if present, is oxidized to arsenate by HNO, in hot condition and responds 
to this test, 
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CHAPTER -7 


Systematic Wet Tests for Cation and 
Anion Radicals 





7.1 Introduction 

Preliminary tests described earlier (Ch. 6) give indications or, clues to the presence or 
absence of most of the radicals except a few, viz, Pb, Cd, Bi, Al, Mg for which there are 
no suitable preliminary tests. Wet tests are first carried out for those radicals for which 
indications have been obtained from the preliminary tests, and these radicals are to subsequently 
contirmed by unambiguous confirmatory tests. 


7.2 Preparation of Test Solutions 


(a) Aqueous or acid extract for detection of cations 

Before carrying out the wet tests, it is essential to bring the sample, or, part thereof into 
solution, For examination of metal ions (cations), solubility of the sample has to be tested 
in the following solvents, exactly in the order as given below, first in the cold condition and 
then on warming and on boiling conditions. 

(1) water, 

(2) dilute hydrochloric acid. 

(3) concentrated hydrochloric acid, 

(4) dilute nitric acid, 

(5) concentrated nitric acid, 

(6) aqua-regia. 

To ensure whether the sample or part thereof has dissolved in a particular solvent, place 
1-2 drops of the extract of the sample on а watch glass and evaporate to dryness on a hot 
water both. If a residue ts left on the watch glass, it may be taken as granted that the sample 
or a part thereof has dissolved in that particular solvent. 

If the sample or a part thereof is soluble in water, proceed to test for cations in this solutiion. 

If on addition of dilute hydrochloric acid to the sample a precipitate is formed, which may 
be due to the chlorides of Ag(1), Hg(T) and Pb(II) of Group-l, then try to dissolve the original 
sample in dilute HNO,. If concentrated hydrochloric acid is used to dissolve the sample, then 
the resulting solution should be evaporated inside a FUME CUPBOARD to remove most of 
the acid, otherwise in presence of high concentration of acid, copper and arsenic group metal 
sulfides (Group ПА and IIB) will not be completely precipitated. If the solution is made in 
nitric acid (dilute or concentrated) or in aqua-regia, the solution to be evaporated to dryness 
inside a FUME CUPBOARD, followed by evaporation with little hydrochloric acid to a small 
volume and finally diluting with water. Otherwise, oxidizing action of nitric acid and aqua- 
regia may obscure the tests for cations, particularly of Group -II analysis. 
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After a suitable solvent is found, the main bulk of the solution for cation analysis has to 
be prepared. For this purpose, take ~0.1-0.5 g of the solid sample in a small 25-50 т! conical 
flask add 10-15 тї of the selected solvent, boil the mixture gently for ~10 minutes covering 
the mouth of the conical flask with a small funnel (Fig. 3.12). Add small amount of the solvent 
If necessary to compensate for the loss on evaporation. Filter under hot condition (Fig. 3.21), 
wash with small amount of the solvent, cool the solution to room temperature. Treat the residue, 
if any, with the next solvent in the order recommended above. If a parmanent residue is left, 
even after treatment with aqua-regia, the residue should be treated as ап "insoluble part" for 
which there are special treatments. 

(b) NaOH extract: (for detection of ampholytes) 

Digest ~0.2¢ of the solid sample with sodium hydroxide solution (10%) by gentle boiling, 
centrifuge, and discard the residue. The extract may contain the amphoteric radicals, eg, PbOs 
AlO;. ZnOS, AsO;, AsO}, SnO% /SnO}, BOY, 51027 which may be tested 
individually [also, MoO], WOj'. VO,]' 

(c) Sodium carbonate extract: (for detection of anions) 


Solution for testing the anions, should be free from heavy metals or metals other than alkali 
metals. Such a solution is best prepared by boiling the sample with a concentrated solution 
of sodium carbonate, Double decomposition reactions take place between sodium carbonate 
and the metallic salts present in the sample. Since the carbonates of most metals other than 
the alkali metals are sparingly soluble, these are precipitated, and the anions of the salts remain 
in solution as sodium salts: 


CuSO, + Na,CO, = 2Na* + SO} + CuCO,+ 
Ca,(PO,), + 3Na,CO, = 6Na* + 2PO} + 3CaCO,+ 
PbS + Na,CO, = 2Na* + $% + PbCO,+ 


Certain metallic carbonates, after initial formation, are converted into basic carbonates or 
eventually into hydroxides, due to the basic nature of sodium carbonate (cf Sect 2.1) 


Na,CO, — 2Na' + co; 
coz + HO s HCO, + OH 
He?’ + СО?" — Нр,СО, + 
Hg,CO, — НрОУ + Hg} + СО, 7 
3Pb(NO,), + 3Na,CO, + H,O — Pb(OH),2PbCO, + СО,? + 6Na* + 6NO, 
2CP* + 3cOl- + 3H,0 > 2Cr(OH),+ + 3С0,Ї 
SMg* + 6CO2 + 79,0 — Mg(OH),.4MgCO,.SH,O+ + 2HCO, 





*Rare elements 
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Due to alkaline nature of sodium carbonate solution, sulfides of As, Sb, Sn are transformed 
to soluble oxv-, thio and oxythio- salts. 
As,S, + БОН" > AsO} + Аѕ57 +3Н;О 
AsS, + 60H. -› AsO,’ " Аб + 3H,0 
Similar reactions occur with antimony and tin sulfides. 


Procedure 
Take —0.2-0 Se of the sample in а small conical flask (~50 m/) add 15-20 тї of a saturated 
solution of sodium carbonate (-1.5M or 4g anhydrous Na,CO, and 25 m? of distilled water), 
Cover the flask with a small funnel (Fig 3.12) and boil the mixture gently for ~10 minutes. 
Filter (Fig. 321) wash the residue with distilled water. Collect the combined filtrate and the 
washings (Na,CO, - extract) for detection of anion radicals. Treat the residue of the Na,CO, 
extract with dilute hydrochloric acid. The undissolved portion if any maybe treated as an 
insoluble material 
Add dil. HNO, to the Na,CO, extract, but not sufficient to neutralize the solution. At this 
stage basic copper salt or copper oxide may precipitate out if the Na,CO, extract has a bluish 
colour due te the presence of complex copper (IH) carbonate. Filter off the precipitate and acidify 
the filtrate with dilute НМО,, boil for 1-2 minutes to remove CO, gas completely. If any 
precipitate is formed at this stage, add more dil HNO, to ensure complete precipitation of the 
substance. Mainly the thio- and oxythio- salts of As, Sb Sn (also V, Mo, W)* decompose on 
acidification with precipitation of the corresponding sulfides: 
AsO,S* + Аз$у + 6HNO, — Аѕ,5,+ + 3H,0 + 6NO, 
SbO,S^ + SbS; + 6HNO, — 5,5,4 + 3H,O + 6NO, 
{MoS} + 2HNO, - MoS, 4 * H,S? + 2NO,]* 
If a precipitate appears on acidification, add more HNO, to ensure complete precipitation 
Filter and search for As, Sb, Sn, (V, Mo, W)* in the precipitate, Boil the filtrate to remove 


completely. 
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7.3 Scheme for Detection of Anion Radicals in Na,CO,-Extract Н 

Based on the solutbility of Zn(II) salts, the common anions can be divided into two groups. 
This may be done by treating the neutral or slightly alkaline sodium carbonate extract with 
а concentratd solution of zinc nitrate. The Na,CO,-extract may be neutralized in two ways: 

(1) Take 2-3 mí. of the Na,CO, - extract (H) in a test tube, add drops of dilute nitric acid 
just not sufficient to neutralize the test solution. Boil for 1-2 minutes. Filter if necessary. 

(ii) Take 2-3 т/ of the Na,CO, - extract (Н) in a test tube, add drops of dilute HNO, 
to just acidify the solution. Boil for 2-3 minutes to remove CO,. Now add drops of very dilute 
aqueous МН, until fainly smells NH,.Boil for 1-2 minutes. Filter if necessary. 

To the almost neutral or slightly ammoniacal Na,CO, extract add drops of concentrated 
(74.5.4) solution of Zn(NO,),. If a precipitate is formed, add more Zn(NO,), solution until 
precipitation is complete. Filter or centrifuge if necessary. 

The precipitate may contain the following anion radicals: 

S^, Р, АО. А507, POP, BOY, [Fe(CN)T], [[Fe(CN)-] 
[Also VO,", MoO}. WO; ]* 

Treatment : As per procedure in Scheme-1. 

The filtrate may contain the following anion radicals: 

C; Br, Г, SCNT МО”, SOs", 8027, $07, СЮ 

Treatment: As per procedure in Scheme-2. 

(а) Scheme-1: Tests on the precipitate obtained on Zn(NO,), treatment of the neutralized 
Na,CO,-extract. 

Wash the precipitate with distilled water by repeated centrifugation. Transfer small portions 
of the precipitate on filter paper strips or on the cavities of a spot plate and treat with appropriate 
reagents as described v ets (1) 30 (11) Dalaw, Биле бе сына — Че — 








| Drop of ammonium molybdate 
* | drop of benzidine * | drop 
of ag-NH, solution. 


Dry a small amount of the Positive test AsO% . AsO; 
precipitate and apply Gutzeit test 
(cf. Sect. 4.8) 


| (i) Take a little of the precipitate Violet to blue BOT , В,0, 
т а semi-micro test tube, add 3 | colouration 
drops of 0.01% quinalizarin in 
conc.H,SO, and warm gently on 
a hot water bath. 
(u)Place a small amount of the A red-brown fleck 
precipitate оп а curcuma (or appears. 
turmeric) paper, add a drop of 
НСІ and dry at —100°С by, 
placing the paper on а watch glass 
covering à beaker of boiling water. 
Add a drop of 1% NaOH solution. | A blue to greenish black 
| colouration appears 
| Take a small amount of the Change of colour from 
precipitate on a spot plate, add 1-2 | red to yellow 
drops of barium chloride solution 
and a drop of hydrochloric acid- 
zirconium-alizarin solution. Stir 
with a glass rod. 
Tests for rare elements 
SnCl, solution Yellow to brown 
colouration 


NH,SCN + SnCl, + НСІ Red colouration 
Blue colouration 


. | HCI-Potassium xanthate Violet colouration 


‚ | To a small amount of the precipitate | Wine red colouration 
on a spot plate, add | drop of 
dilute H,SO, and 1-2 drops of 6% 
H30, solution. — 
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(b) Scheme-2 : Tesis on the filtrate after Zin(NO,), treatment of Na,CO, extract. 


Perform the following tests on spot plate, filter paper or in test tubes as required, 


МІ. Tests/Reagents io Observations luferences 
No. | | 






























| drop of test solution + | drop intense red colouration | SCN 


of HCI + | drop of FeCl, solution 


(i) | drop of test solution + 1 drop Violet colouration ( TOT 
of dil.H,SO, + | drop of diphenyl 
carbazide 

(11) 1-2 drops of test solution + Blue etherial layer Сто; 


3-4 drops of dil.H,SO, + 1-2 

drops of 6% H,O, + | ml of 

cther, shake. 

(i) 1-2 drops of test solution + 3-4 
drops of di.HNO. + 1 drop of 
dil. KMnO, + | drop of Ba(NO,), 

solution, shake, cetrifuge. 

Add drops of oxalic acid solution. 


Pink coloured precipitate| SOT 


Pink colour of the so; 
supernatant liquid is 
discharped, but the 
precipitate remains pink 
(n) 1-2 drops of the test solution 
on a spot plate + | drop of red 
coloured Ba-rhodizonate suspension 
Strir with a glass rod. 
1-2 drop of test solution + | drop of 
fuchsin-bisulfite on a spot plate + | 
drop of Cl,-water. 
| drop of blue coloured L,-Kl- 
starch solution on a spot plate * 
drops of tlie test solution. 


Test the decolourised solution 
with litmus papers 


Decolourization of red | SOT 
flecks occur 


Blue-violet colouration Bro 


| Discharge of blue colour} Reducing agents* 
9i S045 
SOT 

Blue remains blue, red | S^, S,01 

remains red. Neutral. 

Blue changes to red. SO; 

| | Acidic. | | 

*Note: If these sulfur acids are present, remove them from the solution before testing 

for halides with AgNO, solution (cf. test-7). 


C ат 


14781 





=== 


Take 1-2 ml of the test solution in | Bawa to black 
a semi-micro test tube, warm 
slightly, add a pinch of PbCO,. 














colouration 










Filter/Centrifuge the resulting solution after test (6), discard the precipitate. To the 
clear centrifugate, add drops of Sri NO,), solution and filter/centrifuge off any 


precipitate that may appear at this stage. Perform the following tests with the clear 
solution, 














(1) 1-2 drops of test solution + 
1-2 drops of dil.HNO, + 1 drop 
of AgNO, solution. 


Curdy white to pale 
yellow to yellow 
precipiate. 

| Perform individual tests. 
(cf. Sect. 5.11-5.15) 































Blue colouration. 
Perform individual tests, 
(cf Sect 5.11-5.15) 


(ii) Ag-ferrocyanide suspension + 
Fel.nitrate solution on a spot 
plate. Add 1-2 drops of the test 
solution. Stirr with a glass rod. 








| drop of test solution + | drop Red colouration 
of sulfanilic acid + 1 drop of 


| a-napthylanine on a spot plate 


Test for nitrate. Take the original 

Na4CO, extract.* 

* Na,CO,- extract, if treated with 

Zn(NO,), solution, can not be used 
for testing nitrate. 


To | drop of the test solution on 

| a spot plate, add | drop of HCI, 

| + 1 drop of sulfanilic acid + | 
drop of a-napthylanine. 

(i) If NO, is absent. Add a few 
grains of zinc dust and stirr with 
a glass rod. 
















NO, absent 
NO, present 


| (i) No red colouration 
(ii) Red Colouration 























Red colouration NO, 
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(ii) ff. NO, is present 









| Tests/ Reagents Observations 





Inferences 





Decompose nitrite it by boiling the 
test solution with urea or sulfamic | 
acid and dil.H,SO,. Cool the 
solution and test for МО,” as 
before to ensure complete removal 
of NO," until no red colouration 
appears on treatment with sulfanilic 
acid and a-napthylamine. 

Now add a few grains of Zn-dust 
and stirr with a glass rod. 

















Red colouration 





Systematic procedure for the treatment of Na,CO,-extract (H) is summarized below: 


Na,CO,-Extract (Н) 

I. Dil. HNO, (not sufficient to neutralize) 
2. Zn(NO,), solution 

3. Warm, filter/centrifuge 






Precipitate Solution 
Zn**- S^, Е", AsO}, AsO}, POT Na” - SCN’, CF, Br, Г 
BOT. [Fe(CN)* ]. [Fe(CNY?] БОГ, S0: SG 
[VO;. MoO;". МОТ ]* CrO; . NO; 
| | 
Perform individual tests under Perform individual tests under 
Scheme-| Scheme-2 


7.4 Detection of Anion Radicals in Mixtures 


There is no comprehensive scheme for separation of all the anion radicals. Most of the 
anion radicals can be detected by their characteristic tests. Chemically similar, i.e, allied anion 
radicals can, however, be detected from their mixtures after 1/2/3-stage separation methods. 

Since the presence of heavy metals, more specifically, metals other than alkali metals may 
interfere in the detection of many anion radicals, by forming precipitate or colouration, it is 
convenient to test for the anion radicals after removing these metals from the test solution. 
The easiest and most convenient way of removing the heavy metals is to precipitate them as 
their carbonates or hydroxides by treating the sample solution with a concentrated solution 
of sodium carbonate or by digesting a (1:4) mixture of the solid sample and sodium carbonate 





with water, when the anion radicals remain in solution in the form of their sodium salts, which 
may be detected by their characteristic tests with or without separation, and the heavy metals 
are precipitated as their carbonates or hydroxides /oxides (cf Sect 7.2c) 

Ca,(PO,), + 3Na,CO, — 3CaCO,+ + 6Na* + 2POT 

ZnS + Na,CO, — ZnCO,+ + 2Na* + 52- 

Cu,(BO,), + 3Na,CO, >» 3CuCO,+ + 6Na* + 2BO; 

The precipitated carbonates may be separated by filtration, The filtrate called “Na,CO, 
-extract" contains the anion radicals as well an excess of sodium carbonate, which render the 
solution strongly alkaline. Carbonate radical also interferes with the tests of most of the anion 
radicals, since in many of such tests, the reagents are solutions of salts of metals, which form 
sparingly soluble carbonates and hydroxides. Therefore, before proceeding to test for anion 
radicals, the Na,CO, extract should be neutralized with an acid and carbonte should be removed 


as CO, gas by boiling the solution. Normally the acid used for neutralization of the Na,CO, 
extract should have the same anion as the metal salt that is subsequently added as the reagent. 


Procedure for preparation of Na,CO,-extract 


Take ~0.2g of the powdered sample and —4 times of its bulk of anhydrous Na,CO, in 
a small (25—50 ml) conical flask, add just sufficient water to dissolve the Na,CO, (if the sample 
is a liquid or a solution, add ~10g of Na,CO, per ~5 тї of the solution). Cover the mouth 
of the conical flark with a small funnel (Fig. 3.12). Boil the mixture gently for ~15 minutes 
adding water to replenish the loss on evaporation. Filter (Fig 3.21) and wash with a little hot 
water. Discard the residue, which manly contains the carbonates and hydroxides of the heavy 
metals present in the sample. Acidify the combined filtrate and the washings with 8M HNO.. 
Boil gently to expel CO, gas completely. 

Na,CO, + 2HNO, > 2Na* + 2NO," + H,O + CO;! 

Cool the solution and filter any precipitate (Note-1) that may appear at this stage. Add 
2M NH, to the solution (or the filtrate, as the case may be) until faintly alkaline (test with 
litmus paper). Finally boil the filtrate gently for 2-3 minutes to expel the excess NH,. Filter 
any precipitate that may appear at this stage (Note-2). Call this filtrate as “neutralized Na,CO, 
extract’. 

Note : (1) Sulfides of Group-IIB metals, As, Sb, Sn (also Mo, W, V)* dissolve in Na,CO, 
solution because of its alkalinity, forming their oxy-, thio-and oxythio-salts. The corresponding 
sulfides are precipitated on acidification (cf. Sects, 4.8-4.10, 7.2c) and may be removed by 
filtration/centrifugation. 

(2) Carbonato and hydroxo complex ions of certain metats e.g, Cu, Co, Cr, Al, Zn (also 
Be)* decompose on acidification of the Na,CO, - extract and the metal salts remain in solution 
so long it is acidic, On addition of ammonia, the solution becomes alkaline and the hydroxides 
of the metals are precipitated which may be removed by filtration/centrifugation. 


*Rare elements 





(1) Mixture of sulfur acids: Sulfide, Sulfite, Thiosulfate and Sulfate 


Take ~2 m! of the neutralized Na,CO,-extract in а test tube, add an excess of freshly 
precipitated CdCO,, shake the mixture and filter. 


Precipitate (1) 


May contain CdS (yellow) and excess of 
CdCO, (white) 


123 


Pour drops of 2M acetic acid on the 
precipitate. While still on the filter paper. 
The excess СаСО, dissolves and the 
yellow precipitate of CdS becomes 
clearly visible. 

Sulfide present. 

Transfer the yellow precipitate into a test 
tube, add 244 HCI and warm gently. Test 
the issuing gas (H,S) with filter paper 
spotted with: 


(i) Lead acetate paper: 


Black spot appears. 


(ii) Alkaline sodium nitroprusside paper : 


Violet spot appears. 
Sulfide present. 


Precipitate (2) 
(white) 


May contain: 5750, & SrSO, 


l. 


Wash with little water. 


May contain : 
l. 


Filtrate (1) 

$07" SOF 8,07 

Add drops of 0.25M Sr(NO,), solution. 
If a white precipitate appears, add more 
Sr(NO,), until precipitation is complete. 
Filter and wash the precipitate with a 


little water. 





Filtrate (2) 
May contain SrS,0,. 
Divide into four parts. 
Part (i): Add AgNO, solu- 


2. Pour drops of 2M HCI on the precipitate while still on поп 


the filter paper and collect the effluent in a test tube. 


White precipitate gradually 
tums yellow to brown to 


3. Residue (3) 4. Filtrate (3) — present. 

(white) SrSO, May contain $03- Part (ii): Add dil.2M HCI 
(1) Transfer the residue into a (i.e, H,SO,) until acidic. SO, gas is 
fusion tube. evaporate to dry- Add a few drop of blue — evolved with precipitation of 
ness, mix with 4 times it bulk — coloured starch-iodine solu- | 
of Na CO, and some active — tion and place the mixture on 
charcoal. Heat the mixture to a hot water bath (Fig. 3.15). 


fusion. Extract the fused 


(1, oxidizes SO} to 5057] 


‚ езе КА B 
d v " 
] 








3. Residue (3) 4 Filtrate (3) Filtrate (2) 


(i1) Place | drop of the filtrate Blue colour is discharged, White precipitate appears, 
on а spot plate and add І white precipitate of SrSO, turns gradually black (PbS). 
drop of sodium nitroprusside settles down. Thiosulfate present. 

reagent. A violet colouration Sulfite present. Part (iv); Add ammonium 
indicates $% ion. molybdate to the test solution 
Sulfate present. and then carefully pour the 


(iii) Apply BaSO, – KMnO, mixture slowly down the side 
mixed crystal formation test. of a test tube containing | ml 
(cf. p- 331, 383) of conc. H SO}. A blue ring 


(malybdenum blue) is formed 
at the junction of the two 
liquids, 

Thiosulfate present. 


(2) Phosphate (РОГ), Arsenate (AsO1 ) and Arsenite (As01 ) in Mixture 

Take 2-3 ml of the neutralized Na,CO,-extract in a small beaker, add ~2m/ of 0.5 М 
Mg(NO,), or 0.5 M magnesia mixture and drops of 2M NH, until the solution is alkaline. Warm 
the mixture gently on a hot water bath for —5-10 minutes. If a white crystalline precipitate 
appears, add more Mg(NO,), or magnesia mixture solution until precipitation is complete. Filter 
an wash the precipitate with a little 24/ NH, solution. 


Precipitate Filtrate 


(crystalline, white) May contain arsenite (AsO) 


May contain: NH,MgPO,.6H,O and/or 1. Acidity with dil.2M НСІ and 
NH,Mg AsO,.6H40 add drops of H,S-water. 
|. Transfer the precipitate into a small beaker, using a Yellow precipitate of arsenic 


small spatula (cf Fig. 3.13b), Add 2M НСІ and warm sulfide appears. 
gently. The precipitate dissolves. Treat the solution 
with a slight excess of SO,-water, to reduce AsO} to 
AsO}. Boil off SO, completely. 

2. Add H,S-water. If a yellow precipitate due to Аз,5, 
appears, Arsenate (AsO] ) is present. 

3. Add more H,S-water to completely precipitate As,S,. 
Filter and boil off H,S from the filtrate, concentrate 
it to small a volume (~0.5 m/). Add an equal volume 
of conc.HNO,, and a few mi. of ammonium molybdate 
reagent. Place the mixture on a hot water both for 2- 
3 minutes. If a canary yellow precipitate appears, 
Phosphate (POY ) is present. 


Arsenite ( AsO} ) present. 
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(3) Nitrate (NO,") and Nitrite (NO,') in Mixture 

Nitrate can not be detected in presence of nitrite, but nitrite can be detected in presence 
of nitrate. 

(1) Place a drop of the neutralized Na,CO, extract on a spot plate, add | drop of sulfanilic 
acid and | drop of a-napthylamine in acetic acid. А red colouration indicates nitrite 

If a red colouration is not produced in the above test, nitrite is absent. Now add à very small 
amount of zinc-dust and stirr with a glass rod. A red colouration at this stage indicates nitrate 

Sulfanilic acid is diazotized by nitrite. The red colour 15 produced as diazotized sulfanilic 
acid is coupled with c-napthylamine. (cf. Sect 5.8). Nitrate does not react with these reagents. 
Zn-dust reduces nitrate to nitrite, which subsequently undergoes diazo-coupling reaction with 
sulfanilic acid and a-napthylamine. 

(2) If nitrite is present, it should be decomposed before proceeding to testing for nitrate. 
Nitrite may be decomposed bv boiling the test solution with either urea, or, sulfamic acid or 
ammonium chloride (cf-Sect 5.3). 

Take ~2-3 ml of the neutralized Na,CO, extract in a test tube, add a few crystals of urea/ 
sulfamic acid/NH CI, boil gently until effervescence (N, gas) ceases. Test for nitrite as before. 
If nitrite is still present, decompose it by repeating the above procedure. 

Preform the above test for nitrite on a spot plate using the solution after the removal of 
nitrite. No red colouration at this stage indicates complete removal of nitrite. Now add a small 
quantity of Zn-dust and stirr with a glass rod. Red colouration at this stage indicates nifrate. 

(4) Chloride (CI), Bromide (Br) & Iodide (Г) in Mixture 

Take 2-3ml of the neutralized Na,CO, extract in a centrifuge tube, acidify with HNO,, 
and add drops of AgNO, solution. If a precipitate is formed, add more AgNO, solution until 
precipitation is complete. Centrifuge, and wash the precipitate with a little water. 


Precipitate (1) Centrifugate (1) 
May contain : AgCI (white) (Discard) 
AgBr (pale yellow) 
Agl (yellow) 
|. Add drops of dilute 2M ag.NH, 
until ammoniacal, centrifuge, 


Precipitate (2) Centrifugate (2) 
AgBr (pale vellow) (colourless) 
Agl (yellow) May contain: [ABN ICT 
Add drops of conc.NH,. Part of the 
precipitate may dissolve. Centrifuge. Acidity with 2M HNO,. Curdy white 
(Continued, p-485 ***) . precipitate of AgCI reappears. 
Chloride present. 
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Precipitate (3) Centrifugate (3) 
Agl May contain : [Ag(NH,)5]Br 
vellow } 
lodide present. Acidify with dil(5M) HNO.,. 


Pale yellow precipitate of 
AgBr reappears. 
Bromide present. 


CAUTION: Discard the ammoniaca! solution containing [Ag(NH,),] complex immediately 
after test to avoid explosion, Don't throw this solution to waste paper busket to avoid fire. 
Pour the solution in wash basin and wash out with running water. 


(5) Ferrocyanide, [Fe(CN)? ], Ferricyanide |Fe(CN); | & Thiocyanate [SCN] 
in Mixture 
Spot a Whatman No. | filter paper strip with a drop of acidified FeCl, solution and dry 
the paper. Add a drop of the test solution on the spot using a capillary tube. If a dark coloured 
spot is produced, hold a solution of dilute (2M) HCI on the spot with the aid of a capillary 
dropper. The spot gradually separates into three zones. A central deep blue (Prussian bluc) 
spot due to [Fe(CN), ]. à red ring of [Fe(SCN)?*] moving outwards due SCN- and a green 
zone in between due to [Fe(CN), ] ion. 
Reactions: 
3[Fe(CN E] + 4Fe** — Fe,[Fe(CN),], (Prussian blue) 
[Ее(СМ) 7] + Fe?* — Fe[Fe(CN),] (Brown colouration) 
Fe?* + SCN- > [Fe(SCN)**] (Blood red colouration) 


Mixing of Prussian blue colour due to Fel!![Fe''(CN),}, and brown colour due to 
Fell [Fel (CN),] on the filter paper produces a green colouration in the middle zone. 


(6) Bromide (Br) & Iodide (V) in Mixture 


Take —1 ml of the neutralized Na,CO, extract in a test tube, add ~ 1 mi of CCI, or CHCI}, 
1-2 drops of Cl,-water and shake. A violet organic layer (due to L,) indicates iodide. To the 
resulting liquid, add more Cl,-water and shake. The violet colour of the organic layer gradually 
fades as l, is oxidized to iodic acid (HIO,) by excess Cl,-water. Continue adding drops of 
Cl,-water and shaking each time. Gradually the organic layer becomes brown coloured as 
bromide is oxidized to bromine by Cl, - water. Therefore, 
Violet organic layer - odide present. 
Brown organic layer - Bromide present. 
If iodide is absent, only the brown colour due to bromine appears on addition of Cl,-water, 


| | 





(7) Iodate & Iodide in Mixture 


Liberation on of iodine on acidification of the Na,CO, extract, indicates iodide and some 
oxidizing agent, one of which may be todate. 

Silver iodide, Agl, (K,,78.3x 1077) is much less soluble than silver iodate, AglO, 
(К. = 3.1*107%). So when a small amount of soluble silver salt is added to a solution 
containing both iodate and iodide, yellow precipitate of Agl appears first, leaving much 
of the iodate in solution. This separation is more facilitated if instead of adding a 
soluble silver salt, like AgNO,, a sparingly soluble silver salt, such as, Ag,SO, 
(K,, = 1.6% 10-5), that is more soluble than both Agl and AglO;, is added. After separation 
of Agl by filtration (or centrifugation), the solution may contain todate and an excess 
of unreacted Ag,SO,. If iodate is now reduced to iodide by treatment with SO, - water 
(cf. Sect. 5.15), Agl is again precipitated. But if SO, - water is added to the 
solution in presence of Ag" ions, the test is interfered due to precipitation of silver sulfite, 
Ag,50, 

Unreacted Ag” ions may be removed by precipitation of silver carbonate (Ag,CO,) 
by treating the test solution with 0.5M sodium carbonate solution. After removal of 
Ag,CO, by centrifugation (or, filtration), the solution is just acidified with dil. 2M HNO,, 
CO, is boiled off and then treated with SO,- water, when iodiate is reduced to iodide. 
Excess SO, is to be expelled by boiling. The resulting solution should be made distinctly 
acidic with 2M NHO, and treated with 0.1M silver nitrate solution, when yellow 
precipitate of Agl appears. The yellow precipitate is insoluble even in conc-NH,. Yellow 
precipitate at this stage indicates iodate. 

The flow diagram of the procedure is given below: 


lodate (IOF) & Iodide (17) 
(Neutralized Na,CO,-extract) 


(i) To 1-2 drops of the neutralized Na,CO, extract in а test tube add —0.5m/ of ССІ; 
or CHCI,, add 1-2 drops of dil. 2M HNO, ог НСІ and shake. Violet colour in the organic 
layer indicates the presence of iodide and some oxidizing agent, one of which may be 
iodate, 

(ii) If iodine is not liberated in test (i), either iodide is absent, or any oxidizing agent, 
or both may be absent. Add 1-2 drops of Cl, - water and shake. If iodine is now liberated, 
iodide is present, but oxidizing agents, like iodate, may be absent, 

(iii) If test (i) is positive, proceed as follows: 

Take 2-3 ml of the neutralized Na,CO, extract in a test tube, add a saturated solution 
of Ag,SO, until precipitation is complete. Warm gently for 1-2 minutes and filter (or, 
centrifuge). 
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Precipitate (1) Filtrate (or centrifugate) (1) 
Agl (yellow) May contain IO," and Ag" (excess). Add drops 
Insoluble in conc. NH, of 0.5MNa4CO, solution until precipitation of 
lodide present Ag,CO, is complete. Filter (or centrifuge) 
Precipitate (2) Filtrate (or centrifupate) (2) 
Ag,CO, (white) May contain 10,7. 
Discard Just acidify with 24M HNO, and boil off CO, 


Add ~2 ml of SO,-water, warm gently for 3-4 
minutes, then boil to expel SO, completely (test 
with starch-I,-Kl paper). lodate is reduced to 
iodide. Now make the solution distinctly acidic 
with 2M HNO, and add 0.1 M AgNO,. Yellow 
precipitate (Agl) appears. The precipitate. does 
not dissolve in conc.NH, solution. 

lodate present 


(8) Вготаќе (BrO) and Bromide (Br^) in Mixture 


If bromide and a strong oxidizing anion such as bromate is present, the Na,CO, extract 
becomes brown coloured on acidification. 

Silver bromide, AgBr, (К. = 4.9» 1073) is much less soluble than silver bromate, AgBrO, 
(к= 5.2х105). So, when AgNO, solution is added to a solution containing a mixture of 
bromate and bromide, AgBr is first precipitated, whereas. most of the AgBrO, remains in 
solution. The filtrate after separation of AgBr by centrifugation or by filtration, followed by 
removal of excess Ар? ion as AgCO, by treating with 0.5M Na,CO, solution and after removal 
of unreacted carbonate as CO, by acidification and boiling, is treated with SO;-water, which 
reduces BrO,” to Вг” (cf. Sect. 5.14), On addition of AgNO, to this reduced solution after 
removal of SO,, pale yellow precipitate of silver bromide appears, which is soluble in conc. NH;. 
A flow diagram of the procedure is given below: 


(BrO;) & (Br^) in Mixture 
(Neutralized Na,CO," extract) 
1. Take 2-3 mi of the neutratised Na,CO, extract, add dil.2M HNO, until distinctly acidic. 


2. Add drops of 0.1 M AgNO, solution. If a precipitate appears, add more AgNO, solution 
until precipitation is complete. Filter (or centrifuge). 
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Precipitate (1) Filtrate (or centrifugate) (1) 


AgBr (pale vellow) May contain AgBrO, and Ар” ion (exess) 
1. Insoluble in dilute NH, |. Add drops of 0.5M Na,CO, solution 
2. Soluble in conc, NH,, reappears on until Ag" ion is completely precipitated 
acidification with HNO,. as Ag,CO,. Filter (or centrifuge), 

Bromide present | 

Precipitate (2) Filtrate (or centrifugate)(2) 

Ag, CO, Add drops of dil. -2M HNO, until just 

Discard acidic. Boil off CO, and add a few drops of 


SO, -water, warm gently on a hot water bath 
for 2-3 minutes. Boil the solution (Fig. 3.18) 
to expel SO, completely (test with 1, - 
starch-KI paper). To the resulting solution, 
add 2M HNO, until distinctly acidic, boil for 
2-3 minutes and then add drops of 0.1 M 
AgNO, solution. Pale yellow precipitate 
(AgBr) appears if BrO, is present. The 
precipitate is insluble in dil. NH, but soluble 
in conc.NH, solution. Bromate Present 


CAUTION: Discard the ammoniacal solution containing [Ag(NH,);] into the wash basin 
and wash out with running water immediately after test to avoid explosion. 


(9) Monochromate (Сто? ) and Dichromate (Спђ027) in mixture 
(a) Detection of dichromate in presence of monochromate 
Dichromate solution is weakly acidic due to hydrolysis, 
СО?” + НО = 2HCrO; = 2CrO;" «2H* 
whereas, monochromate solution is weakly alkaline (cf. Sect. 5.18). Aqueous solution of 
dichromate, however, can supply sufficient Н“ ions as required for oxidation of iodide to iodine 
by iodate ion: 
IO; + 517 + ен” = 3H,0 T 3. 
Monochromate is without effect in this reaction. This forms the basis of detection of 
dichromate in presence of monochromate. 

Place one drop of the test solution, or, a grain of the solid sample containing a mixture 
of dichromate and monochromate in a cavity of a spot plate. In another cavity of the spot 
plate, take a drop of K,CrO, solution or a grain of solid K,CrO,. Add 1 drop of freshly prepared 
5% KI ~ KIO, solution and | drop of starch indicator to each of these cavities. Stirr with 








two separate glass rods. A Distinct blue colour appears in the sample cavity in —5 minutes 
if dichromate is present, whereas, the monochromate solution remains yellow, 

Note: The test may be carried out in semi-micro test tubes. Starch may be used as the 
indicator. Alternatively a few drops of CHC l; or CCI, may be added and shaken. The organic 
layer becomes violet due to iodine 1f dichromate is present in the test sample. 

(b) Detection of monochromate in presence of dichromate 

Red coloured crystalline precipitate of [Ni(DMGH),] is formed when a neutral solution 
of Ni(II) salt is treated with an excess of alcoholic solution of dimethylglyoxime (DMGH,, 
cf. Sect. 4.15): 

Ni^ + 2DMGH, = [Ni(DMGH),]* + 2H* 

But the precipitation remains incomplete if the Н” ions liberated in this reaction are not 
consumed by addition of a base, viz, ag-NH,, and the precipitated [Ni(DMGH),] complex 
remains in equilibrium with its constituents, i.e. Ni^* ion and the ОМОН, ligand. If this mixture 
is now filtered, the filtrate is a saturated solution of the complex, [Ni(DMGH),]. The above 
solubility equilibrium of the [Ni(DMGH),] complex may be disturbed (right shifted) by addition 
of soluble or insoluble materials which can consume Н? ions (i.e, basic substances), when red 
precipitate of [Ni(DMGH),] complex comes down immediately. Thus, this nickel (1)- 
dimethylglyoxime equilibrium mixture maybe used as a reagent for testing basic materials, such 
as carbonate, bicarbonate, phosphate, borate, monochromate etc. 

Although this reaction is not specific for monochromate, it maybe applied as a selective 
test for detecting monochromate in presence of dichromate, since monochromate can consume 
the Н” ions and is converted to dichromate, 

2С02- +2Н* = Cr,0; + HO 

But dichromate does not consume H* ions, and shows no action with this reagent. 

Reagent : Nickel (II) - dimethylglyoxime equilibrium solution. 

Dissolve -0.28g of NiSO,.7H,O (or, corresponding amount of any soluble МИП) salt in 
30 mi of water (solution-A). Dissolve ~0.25 g of dimethylglyoxime in 30 ml of 95% alcohol 
(solution-B). Add solution-A to solution-B with vigorous stirring. Red precipitate of 
[Ni(DMGH),] complex starts appearing. Allow the suspension to stand for 30 minutes and 
then filter. Use the clear filtrate for the tests. The reagent keeps for several weeks if it Is stored 
іп a stoppered bottle. If any red precipitate appears, filter it off and use the clear filtrate for 
the tests. ті 

Take a drop of the concentrated test solution, ог, a grain of the solid test sample containing 
monochronate and dichromate in a cavity of a spot plate. In another cavity of the spot plate, 
take a drop of concentrated solution of K,Cr,0,. Add one drop of the Ni( ID-dimethylglyoxime- 
equilibrium solution to each of these cavities and stirr with two separate glass rods. Red 
precipitate of [Ni(DMGH),] complex appears in the sample cavity if it contains monochromate. 
No precipitate is observed in the dichromate cavity. 

Limit of identification: \8y of K,CrO, in presence of 5000y of K,Cr,0,. 





7.5 Interfering Anion Radicals and Their Removal / Elimination 

[he following anions, if present in the sample, interfere in the systematic group separation 
of cation radicals (cf. Sect. 7.7). So, before proceeding to systematic group separation for cation 
analysis (ef Sect 7.8) the presence or absence of these anions is to be ensured. If any of these 
anions is present, it has to be removed or eleminated from the test solution at the appropriate 
stage to avoid its interfering actions 


(1) Phosphate (PO; ) 


(a) Interfering actions 

Phosphates of most metals ions other than the alkali metal, ammonium salts, are sparingly 
soluble in water, but soluble in dilute mineral acids. Phosphate ion, thus, does not interfere 
the separation or detection of metal ions in acidic medium, i.e, in case of Group-] and Group- 
Il separations, On passing from Group-II to Group-IIIA, as the solution is made ammoniacal, 
phosphates along with basic salts as well as hydroxides of the metal ions of Groups IIIA to 
V (Me™) are precipitated together, obscuring the separation of cations into groups. 

Therefore, phosphate, if present, should be removed after separation of Group-Il metals 
ie, before making the solution ammoniacal with NH,CI-NH, for Group-HIA precipitation. 


(b) Phosphate removal 


(i) FeCl, Method 


(1) Take the filtrate after complete precipitation of Group-II metal sulfides with (НСЇ+Н„5 
-water). Boil off H,S (test with lead acetate paper). If no precipitate appears with (НСІ+Н,5- 
water), Group-Il metals are absent. Then discard the solution and take a fresh portion of the 
sample solution and proceed, 

(2) Take 1-2 drops of the test solution, add 1-2 drops of conc.HNO, and ~0.5-1 ml of 
ammonium molybdate reagent in a semi-micro test tube. Warm gently on a hot water bath. 
If а canary yellow precipitate appears, phosphate is present, otherwise, pass on to Group-lllA 
separation. But if phosphate is present, proceed as follows: 

(3) Take ~2-3 ml of the test solution in a small (~50 ml) beaker, add a few drops of Вг, 
water or H,O, (6%) or conc, HNO,, warm gently (to oxidize any Fe" to Ре!!). Add ~0.5g of 
NH,CI. Heat to boiling and add drops of dilute (1:1) aq-NH, solution until fainty ammoniacal. 
if no turbidity appears, metals of Group-IIIA, ПВ, IV, V (Mg?*) are absent. Then search for 
Na* and K* ion only. But if a turbidity appears, which may be hydroxides of Fe!!!, Cr", AI! 
and Mn! (by aerial oxidation), then proceed as follows: 

(4) Dissolve the turbidity by adding drops of just sufficient amount of dilute (-2M) HCI 
solution (avoiding excess). To test whether iron is present, place 1 drop of the solution on 
a spot plate, add 1 drop of (1:1) HCI and 1 drop of K,[Fe(CN),] solution. Intense blue 
colouration indicates the presence of iron in the sample. Then proceed as follows: 

(5) Heat the main bulk of the solution to boiling. 

... Add drops of very dilute aq-NH, again until а faint but permanent turbidity just appears 














or the solution is just ammoniacal. Test with red litmus paper. Add with stirring 2-3 ml of 
9M acetic acid and 5 mi of 6M ammonium acetate (pH —4.8 buffer) solution. Filter any 
precipitate formed. at this stage and search for Group-IIIA. metals in this precipitate. 

(6) If the colour of ammoniacal test solution is red-brown, sufficient Ре!!! is present in 
the solution to combine with phosphate ions, If the colour of the solution is not red-brown, 
add drops neutral FeCl, solution* with stirring until the solution acquires a red-brown colour. 
Dilute the mixture with water to ~25 ml. Boil gently with stirring for -25 minutes. Redish 
brown precipitate [of phosphates and basic acetates of Fe, AI, Cr and of Fe(OH),| appears. 
Filter the precipitate (Fig. 3.21) under hot condition, and wash with boiling water. 


Precipitate (1) Filtrate (1) 


Test for phosphate with ammonium molyb- 
date and HNO.. If phosphate is still present, 
add more neutral FeCl, solution, until free 
from phosphate. 

Boil down to reduce the volume to !/4rd. Add 
-0.5g of NH,CI and then 2M NH, solution 
until smell of NH, appears. Filter if there is 
any precipitate. 


Group-lllA 

Tansfer the precipitate into a small (~25 mi) 
beaker with ~10 ml! of distilled water. Add 
-0.5g of sodium peroxoborate, NaBO, 4Н,О 
(or 2 ml of 6% H,O, and 2-3 mi of 2M 
NaOH solution). Boil gently until evolution 
of O, gas ceases, Filter and wash with little 
hot water. 


Precipitate (2) Filtrate (2) Precipitate (3) Filtrate (3) 
(brown) May contain Search for AI, Cr! Мау contain 
FePO,, Fe(OH), АКОН); and GOF if not detected — Groups-IHIIB, IV, V. 
Discard (if yellow). Perform earlier. 


individual tests for 
these radicals, 

(cf Sects. 4.12, 
4.13) 


In general there may 
not be any precipi- 
tate at this stage. 


(ii) Phosphate removal by lead acetate method 

Lead phosphate (K 77.92104 at 25°C) is among the least soluble phosphates. Phosphate 
may be separated as lead phosphate from neutral or even weakly acidic test solution. 

Boil the filtrate after separation of Group-Il metal sulfides to drive off H,S and to reduce 





* Neutral FeCl, solution: Ordinary FeCl, reagent solution contains much hydrochloric acid for preventing 


hydrolysis of Ре?" (аф) ions. This extra acid may prevent the precipitation of ferric phosphate 


. For use 


in phosphate separation this extra acid in the FeCl, solution has to be neutralized. To 2-3 ті of FeCl; 


solution, add drops of dilute ag-NH, 
turbidity results. Filter off the precipitate. The clear filtrate is 
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solution until a red-brown coloured solution with a faint permanent 





the volume to less than 10 m/. Add drops of (1:1) ag-NH, solution to have a just neutral or 
faintly alkaline solution (test with litmus papers). 

Add drops of very dilute HNO, and stirr with a glass rod until turbidity if any is just 
dissolved (avoid excess HNO.). Add ~1 m? of glacial acetic acid and warm gently to 70-80°С. 
Add drops of 10% lead acetate solution with constant stirring with a glass rod, providing a 
slight excess of the reagent to ensure complete precipitation of phosphate as lead phosphate. 
Allow to stand for -20 minutes. Check the completeness of precipitation of phosphate by adding 
1-2 drops of the lead acetate solution to the supernatant liquid. Allow to stand for another 

30 minutes. [during this time perform other experiments]. Filter and discard th precipitate 
of lead phosphate, Pb,(PO,),. Add drops of dilute HCI (-5M) to the filtrate until it is distinctly 
acidic. White precipitate of lead chloride appears. Filter and discard the precipitate. Dilute the 
filtrate with water and add drops of H,S-water to completely precipitate unreacted Pb?* as 
black precipitate of PbS. Filter off the black precipitate. The filtrate should not give any black 
precipitate with H,S - water. Boil off H,S from the final filtrate and pass on to Сгоџр-ША 
separation as usual. A flow diagram of this proudure is given below. 


Test solution 
(Filtrate after separation of Group-II sulfides) 
|. Boil off H,S, reduce the volume to <10 ті 
2. Just neutralize (with dil.NH,, dil. HNO, as required) 
3. Glacial acetic acid (~ 1 ml) 


Solution 
(faintly acidic, with acetic acid) 
|. Heat to 70-80°C. 
2. 10% lead acetate solution (in slight excess) 
3. Filter (cf Fig. 3.20 or 3.21) 







Precipitate Filtrate 
Pb.(PO,), (white) (contains Pb?*) 
Diseard I. Dil. HCl 
2. Filter (Cf Fig. 3.20, 3.21) 
Precipitate Filtrate 
PbCl, (white) (may still contain Pb?*) 







1. H,S-water (in slight excess) 
2. Filter (Cf. Fig. 3.20, 3.21) 


Discard 


Precipitate Filtrate е 
PbS (free from Pb?*) 

(black) Boil off Н,5 

Discard у 
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CENTRAL LIBRARY 


(iii) Phosphate Removal by Ion-Exchange Method 

Principle | 

When weakly acidic solutions containing metal salts including phosphates are passed 
through à column of strongly acidic cation exchange resin in H*-form (R-H*), the metal ions 
exchange with equivalent amounts of H* ion and remain held up (sorbed) in the resin column. 
Ihe anions of the metal salts as well as neutral molecules pass out of the resin column as 
effluent (cf. Sect 2.5.(b)) 

КН” + Naci we. KNa — td СГ 
R^(H*), + Zn?*S0% € R*Zn** + 2H* + sor 
R^(H*) + (Ca?*)(H,PO,-), = В2-Са2* + 2H* + 2H,PO, 
(resin) (solution) (resin) (solution) 

Thus, all anions including phosphate are separated from the cations. The sorbed cations 
may now be displaced (desorbed) from the resin column by passing a solution of HCI through 
the column (elution), followed by washing with water. 

RNa + НСГ = KH TONES + CE 
R^Zn^ $4 2H'CF еган), * Zn + 2CF 
RACE" Т. НЕЕ IRAE o CA^ 420b 
(resin) (solution) (resin) (solution) 

All metal ions now occur in the combined effluent and the washings in the form of their 
chlorides, and they may be detected/analysed in the usual wav. 


Procedure 

(i) Setting up of ion-exchange resin column 

Take an ordinary 25 ml burette or a (15 cm х | ст) glass tube attached with a piece of 
rubber tube (~5 cm) and a pinch cock at its bottom. Plug the bottom of the burette (or the 
glass tube) with a piece of clean soft glass wool. Fill the tube with dilstilled water and remove 
any air bubble that may adhere to the glass wool plug or to the wall of the tube. 

Place —15-20g of dry strongly acidic cation exchange resin (200-400 mesh) in a beaker 
and add —50 mi of 6M НСІ, stirr and allow to stand for ~30 minutes for swelling of the resin 
and its transformation to H* - form. 

Introduce the resin inside the column with the help of a spatula (of Fig 3.13b) by draining 
out water through the stopper (or pinch cock as the case maybe). Fill the column up to its 
neck, keeping a gap of —5 cm at the top for filling the sample solution. Place a piece of clean 
glass wool above the resin bed (cf. Fig. 2.9). 

Now pass 15-20 ml of 6M HCI through the resin column to finally replace cations if any 
still present in the resin, by H* ions. The flow rate should be adjusted at 1-2 drops per second. 
Care should be taken that the resin column always remains covered with liquid. When nearly 
1 ml of the acid solution remains above the top of the column, wash the column with water, 
adding ~5 mi at a time at the same flow rate. Continue washing with water until the washings 
are acid-free, i.e, no longer produce red coluration with methyl red indicator, or until the pH 
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of the washing is ~4 (check with a pH-paper or Universal indicator). The column is now ready 
for ion-exchange separation of cations, 

(ii) Sorption of cations and separation from anions including phosphte 

The test solution should not be strongly acidic. Acidity should be around (0.03 - 0.01)M 
Le, pH around 1.5 to 2. If the test solution is strongly acidic, evaporate the solution to almost 
dryness by gentle heating. Neutralize with drops of 2M NH, until a faint permanent turbidity 
appears. Just dissolve the turbidily by adding drops of 6M HCI. Dilute to ~5-10 ml with water, 
cool to room temperature and pass the solution through the cation exchange resin column in 
H^-form maintaining the flow rate at 1-2 drops per second. Collect the effluent in a small 
beaker. When ~I ml of the test solution is left above the resin column, start washing the column 
with water, adding —5 m/ at a time maintaing the same flow rate. By this operation, the cations 
in the test solution are held up by the resin with release of equivalent amount of H* ions, 
and the anions including phosphate, (which now exists as unionized H;,PO, and H,PO, ion 
in acidic medium, since рК, 5 of H.PO, аге 2.12, 7.21 and 12.32), pass out of the column 
and are finally washed out by water. Continue washing with water until the washings are acid 
free (ie, pH —4, test as before). Discard the effluent and the washings. 

(iii) Elution of the sorbed cations and regeneration of the resin 

After the washing is complete, place a clean beaker (or a flask) under the resin column 
and pass —15-20 т! of 6M HCI through it, maintaining the same flow rate (1'-2 drops per 
second) as before. By this operation, the sorbed cations are released from the resin. Wash the 
column with water to remove the displaced cations and collect 3-4 washings (~30-40 ml in 
total) in the same beaker. Preserve this combined effluent and washings for analysis of cations. 
Continue washing the column with water, until the washings are acid free (test as before). 
The column is now ready for another operation. 


(iv) Analysis of cations in the combined effluent and washings 


Evaporate the solution almost to dryness in a FUME CUPBOARD by gentle boiling. 
Moisten the dry residue with a few drops of 6M HCI and dilute with water to the original 
volume before ion-exchange separation. Search for cations in this solution in the usual way. 


(2) Fluoride (F-), Borate (ВОЗ), Boric Acid (H,BO,), Silicate (SiO3 ), Silicic Acid 
(SiO,, xH,O). 

(a) Interfering actions 

(i) Fluoride (F-) 

Fluoride ion forms sparingly soluble salts with alkaline earth metal (Ba?^*, Sr?*, Са2*, Mg^*) 
and also Pb**, (U!V*, ТУ») ions in ammoniacal medium. If large excess of soluble fluoride 
is present, it may form soluble fluoro complexes with Fe?*, AP*, (Ti**, Zr!V)* and keep them 
in solution (as Ее}, AIF". TiF?-* etc.) and prevent their precipitation. It has to be removed 
before proceeding to Сгоир-ША separation. 
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(ii) Borate (ВОЗ ), Borie Acid (H,BO,) 


| Шә form sparingly soluble borate salts or basic salts with most metal ions (except Na’, 
К", NH,") in ammoniacal medium and obseure systematic Group-separation. These should be 


removed before proceeding to Group-IIIA separation. 
(iii) Silicate (SiO; ) and Silicie Acid (SiO,.xH,O) 


Silicic acid (SiO,, xH,O) forms colloidal solution with water. It dissolves partly on boiling 
with hydrochloric acid during preparation of solution for detection of cation radicals. But soon 
starts precipitating, as the solution is cooled on standing. This turbidity continues in the 
subsequent steps of analysis. Silicate salts dissove in mineral acids and set free silicic acid. 


CaSiO, + 2HCI — CaCl, + H,SiO, (= 510,.Н,0)+ 
In ammoniacal medium (i.e, Group-IIIA onwards), sparingly soluble silicates precipitate out. 
CaCl, + H,SiO, + 2NH, — CaSiO,4 + 2NH,CI 
This is how systematic group separation is obscured in presence of F^, BO; (H,BO,) and 
SiO} (SiO,.xH,O), These radicals should be removed, better prior to entering into group 
separation. It is, however, much easier to remove these interfering anion radicals, than the 
removal of the phosphate radical. These are conveniently removed by digesting the original 
solid sample with concentrated hydrochloric acid and repeated evaporation to dryness. Fluorides 
are removed as volatile hydrogen fluoride. Borates are transformed to boric acid, which 
undergoes dehydration and  volatilizes out. Silicates are transformed to silicic acid, which is 
dehydrated to granular silica by this operation. 
NaF + НСІ — NaC! + НЕ? 
Zn,(BO,), + 6HCI — 3ZnCl, + 2H,BO, 
2H,BO, > В,0;? + 3H,07 
MgSiO, + 2НСІ — MgCl, + H,SiO,+ 
H,SiO,(s) > SiO, + Н,0? 
If fluoride is also present along with borate (boric acid) and or silicate (silicic acid), removal 
of these anion radicals is facilitated due to the formation of volalite BF, and or SiF, as the 


case may be. 
B,O, + 6HF — 2BF,T + 3H,07 


SiO, + 4HF — SiF,? + 29,0? 


(b) Procedure of removal 

Take a small amount (~0.2 g) of the solid sample in a small beaker or in a porcilain crucible 
add -0.5 - 1 ml of сопе.НСІ and heat gently inside а FUME CUPBOARD or using the 
apparations as in (Fig. 3.17) until evaporated to dryness, Cool and moisten the residue with 
a few drops of сопс.НСІ and evaporate again to dryness as before, Repeat this operation 2- 
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3 times. Continue heating gently while triturating the solid mass with a glass rod. This helps 
dehydration of silicic acid. Continue this process of baking for nearly 10 minutes. Cool and 
add 2-3 mi of dil.HCl, boil gently for ~2 minutes, filter under hot condition. Residue if any, 
may contain SiO, along with other acid insoluble substances in the sample. The filtrate is ready 
for systematic group separation starting from Group-Il. 

(3) Chromate (C rO} ), Dichromate (CrO), Arsenate (AsO? ), Bromate (BrO;) 
lodate (IO, ). 

(a) Interfering actions 


These anion radicals act as oxidizing agents in acid medium. They interfere in the separaton 
of Group-II metal sulfides with (dil.HCl + H,S-water) by oxidizing HS with precipitation of 
sulfur, which is separated in milky colloidal form, that is difficult to filter. as it even passes 
through the finest filter paper. 


2CrO; + 3H,S + 10Н* — 2Сг* + 38°) + 8Н,О 
CnO; + 3H,S + 8Н* —› 2Сг* + 3$°} + 7Н,О 
AsO; + HS > AsO + 5% + H,O 
ВО, + 3H,S — Br + 38°) +3Н,О 
ЛО; + 59,5 > l, + 58° + 6H,0 

L+ Н,5 ә 217 +2H* +s} 


These anion radicals, if present in the sample solution for group analysis, should be reduced 
before proceeding to separation of Group-II metal sulfides. 


(b) Procedure of removal (elimination) 

Chromate, dichromate, arsenate and other oxidizing agents are conveniently reduced by 
treating the НСІ test solution [or the test solution after separating Group-l (Ag!, Нр!, РЬ!) 
chlorides or the test solution after separation of fluoride, borate (boric acid), silicate (silicic 
acid) as the case may be] with sulfurous acid (SO,-water). CrO; СО are reduced to green 
Cr! salt. Aso ; 15 reduced to arsenite (AsQ}-). Bromate (BrO,>) is reduced to bromide 
(Вг) and iodate (10,7) is reduced to iodide (17) 

2CrO; + 3H,SO,+ — 4H* 2 2CP* + 3502- + 5Н,0 
Сог + 2H” * Со? + HO 
Cr,07- + 3H,S0, + — 2H* - 2Cr* + 3SO1- + 4H,0 
AsO} + H,SO, — AsO? + SOF + 2H" 
ВгО; *3H,SO, > Br + 3807" + 6H* 
210; + 5H,SO,; > 1, + 5SO7 + 8H* + HO 
6+ HSO,+ H,O>+2- +SO} + 4H* 
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— oxidized to sulfate (5017) ion by these reactions, if the metal ions viz, 
Pb^. Ba“, Sr . also Са?* are present in the sample solution, they may precipitate at this 
stage as their sulfates. Therefore, if any white precipitate appears on treatment with H,SO 
filter the mixture and search for Pb?*, Ba?*, Sr2*. Ca?* in the precipitate by their individua 
tests (cf Sect 7.9), then pass on to Group-II separation with the filtrate after removing the 
unreacted H5SO; by boiling the soution in the FUME CUPBOARD or using the appearatus 
as in Fig. 3.17. Removal of H,SO, is necessary at this stage, since H,SO, itself can oxidize 
H,S with separation of colloidal sulfur, 

H,SO, + 2H,S > 38° + 3H,0 


Complete removal of SO, (i.e, H,SO, = H,O + SO,) may be ensured by boiling the solution 
and testing the issuing vapour with blue coloured starch-iodine-iodide paper (cf. Figs. 3.27, 
3.29). Discharge of blue colur by the issuing vapour indicates the presence of dissolved SO, 
in the solution. Proceed to Group-I] separation when the blue colour of starch-iodine-iodide 
paper is not discharged by the issuing vapour. 


(4) Ferrocyanide [Fe(CN)?]. Ferricyanide [Fe(CN); |, and Thiocyanate (SCN~) 
(a) Interfering actions 
Ferrocyanide and ferricyanide of Ag, Hg, Pb, Cu, Cd, Fe, Co Ni, Zn (also Mo, U)* are 
sparingly soluble and those of Fe, Cu, Co, Ni (Mo, U)* are intensely coloured. Thiocyanates 
of Ag, Cu, Hg, Pb are also sparingly soluble. More over, thiocyanate ion forms intenstly coloured 
soluble complexes with Fe?* (blood red coloured [Fe(SCN y*]) and Co?* (intense blue coloured 
H,[Co(SCN),}). As such, these anion radicals interfere in the systematic group separation of 
cation radicals right from Group-I and should be removed before proceeding into group 
separation. The most convenient method of removing these interfering anions is to decompose 
them by heating with conc.H,SO,. [CAUTION : POISONS]. | 
Ferrocyanide and ferricyanide are decomposed by hot conc. H4SO, with evolution of carbon 
monoxide gas, which burns with a blue flame. Iron in these anions is ultimately converted 
to ferric sulfate. 
[Fe(CN)? ]  6H5S0, +690 > Fe!* - 6NHj +6COT 46803 
(Fe(CN)? J+ 69,503, +6H,0> Ее?* +6МН{ + 6CO T + 6503 
A little sulfur dioxide may also be produced, due to oxidation of Fe?* ion, produced from 
decomposition of ferrocyanide, by conc. H,SO,, 
зЕё?* +2H,SO, > 2Fe"* «S0; T SOT +2H,0T 
Thioyanate reacts violently with hot conc.H,SO, producing carbonyl! sulfide (COS) that 
burns with a blue flame, 
SCN” +H,SO, + Н,0 э COST + NHj * SO; 


e 


*Rare elements 
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(b) Procedure of removal (elimination) 

Take a small quantity (~0.2g) of the solid sample in a porcelain crucible, moisten with a 
few drops of conc. H SO, and heat gently inside а FUME CUPBOARD. Copious fumes 
(CAUTION: DE ADLY POISONONS) consisting of CO SO,, SO. (due to dehydration of 
Н,50, > Н, OT + 50.7), COS etc, as the case may be, appear. Fluoride, chloride, bromide, 
iodide. nitrate, nitrite, sulfide, thiosulfate etc. are all decomposed by this treatment with evolution 
of volatile products eg, HF, HCI, HBr, HI and 1,, NO,, NO, SO, etc. as the case may be. 

Continue heating until the fumes subside. Cool the residual mass to room temperature and 
take up with little water (~4-5 mi). Filter if necessary. The residue, if any, will contain the 
sparingly soluble sulfates of Pb, Ba, Sr. Ca and also the constituents of the sample that are 
unattacked by hot conc. H580, (e.g, 510, etc.). These may be detected by their individual tests 
(cf. Sect 7.9). The filtrate is now ready for detection of cation radicals either by spot tests 
ог by systematic group separation right from Group-I. If ferrocyanide and or ferricyanide are 
present, the test solution at this stage will contain Fe?*, which should be confirmed by its 
usual tests (cf. Sect. 4.11) or to be separated in Group-IIIA and confirmed accordingly. 


7.6 Detection of Radicals in the NaOH Extract-G 
(a) Systematic Procedure 





NaOH Extract 

|. H,S-water, 2. DILHCI (until acidic), 

3. Boil, 4. Filter. 
Precipitate (1) Filtrate (1) 
Аѕ,5, (yellow) Perform individual tests: 
Sb,S, (orange) AP* — Alizarin-S test (cf Sect. 4.12) 
SnS (vellow) Zn** — (NH,),[Hg( SCN),] test 
PbS (black) (cf. Sect. 4.17) 
[У,5, (brown) СОГ (cf sect. 5.18) 


MoS, (brown) 
WS, (brown) |* 


(NH,),S, 
Residue (2) Solution (2) 
PbS (black) Thiosalts of As, Sb, Sn (V, Mo, W)* 
| ранхо, | ici 
Solution Precipitate 
Test for Pb (ef Sect. 4.4) Аѕ,5,, 50,5,, SNS 


[У,5;, Мо$5;, WS,]" 


i 
Individual tests (cf Sect 4.8-4.10, 8.7-8.9) 
Systematic tests (Sect. 7.8c) 





*Rare elements 
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(b) Individual tests 


NaOH extract may contain mainly the metal ions which form amphoteric oxides, that behave 
as acids with strong bases (NaOH, KOH) and as bases with strong acids. These may be detected 
by individual tests as well as Аз systematic tests. 


PbO; H.,S-water, НСІ, H,SO,, K,CrO,, КІ (cf. Sect. 4.4) 
AIO, Alizarin-S test (cf. Sect. 4.12) 

ZnO; Ammonium mercurothiocyanate test (cf Sect 4.17) 
AsO; . AsC ә (Zn*HCI) and AgNO, : Gutzeit’s test. (cf. Sect. 4.8) 
SbOj . SbO: Rhodamine-B test (cf Sect. 4.9) 


$п027.9 ү | Ammonium phosphomolybdate test (cf. Sect. 4.10) | 
Rare elements (Ch-8) 


ү,05, VO, H,0,-dil.H,SO, (cf Sect. 8.7) 
MoO, NH,SCN-HCI-SnCI, test. (cf. Sect. 8.8) 
УО (i) KHSO,-H,SO,-phenol test (Defacqz reaction) 


(ii) SnCL, (iii) Zn/HCl - tungsten blue test. 
(cf. Sect. 8.9) 





7.7 Wet Test Scheme for Detection of Cation Radicals 
With Aqueous or Acid extracts: Schematic procedure 


2 
Step- I Sion Setp-2 
A/BIC | 
Evaporate to dryness 1. Neutralize with NH, 
Two cases may arise, 2. Add Na,HPO, solution, 


| Two cases may arise. 


(1) No residue is left (2) A residue is left (1) No precipitation (2) A precipitate appears 


i " i i 


Discard A/B/C Go to Step-2 Search for Na”, К”, Search for cations by 
The extract NH,” by individual tests (1) Group-tests (Group 
does not contain (cf Sects 4.22-4.24) (I-V) (ef Sect. 7.8) 
any solute (2) Individual tests 
(Semi-micro method) 
(cf. Ch-9) 





7.8 Separation of Cation Radicals into Analytical Groups 

For a complete discussion on the separation of Group-I to Group-V cations it is convenient 
to start with the aqueous extract (A) of the sample. The HCl-extrats (B, C) will not contain 
the Group-I metals, as the chlorides of Group-I metals will be precipitated during HCI treatment 
of the sample for dissolution. The presence or absence of the interfering anion radicals should 
be enseured before proceeding to group separation. If any of the interfering anion radicals is 
present, it has o be removed (cf Sect 7.5) at the appropriate stage of group separation as 
indicated below: 

(i) Ferrocvanide, Ferricyanide & Thiocyanate 

If any of these radicals is present, decompose it by heating with conc. H,SO, in a FUME 
CUPBOARD as described before (cf. Sect 7.5) and then start with separation of Group-I. Ее!!! 
will appear in Group-IIIA if [Fe(CN МЕ and ог [Fe!C NY] are present. 

(ii) Fluoride, Borate (Boric Acid), Silicate 

If any of these radicals is present, remove it by repeated evaporation with conc.HCl followed 
by baking in a FUME CUPBOARD as described before (cf. Sect 7.5). If Group-I metals are 
present, these radicals should be removed from the filtrate obtained after separation of Group- 
|. If Group-I metals are absent, it is convenient to separate these interfering anion radicals 


by repeatedly treating the original solid sample with сопс.НСІ as described and to start group 
separation from Group-II with the HCl-extract of the residue. 


(iii) Chromate, Dichromate, Arsenate, Bromate, lodate 


These oxidizing anions interfere right from Group-l. If any of these is present, it should 
be reduced by H,SO, (SO,-water) as described before (cf Sect 7.5). Residue if any should 
be tested for individual cations, specially for Pb?*, Ba?*, Sr?*, Ca^ etc. (cf Sects 4.4, 
4.18-4.20). The filtrate should be subjected to group separation from Group-l (for aqueous 


extract) or from Group-Il (for НСІ extract). Ст!!! will appear in Group-IIIA if бо СО 
is present. 

(iv) Phosphate 

Phosphate, if present in the test solution, interferes systematic group separation from 
Group-IIIA onwards. If should be removed from the filtrate after separation of Group- 
11 metal sulfides with HCI*H,S-water. H,S should be first removed from the solution 
by boiling. If the metals of Group-I and Group-ll are absent, it is convenient to start 
with a fresh portion of the original test solution, discarding the solution after Group- 
Ii treatment, Before entering into Grop-IIIA, the test solution is to be treated with an 
oxidizing agent, such as H,O, (6%), or Br,-water or conc.HNO, to oxidize Fe! if any 
to Fe!ll, Even if Fe!!! is present in the original test solution, it is reduced to Fe" by 
H,S in the Group-II treatment. 


\ 
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CENTRA Y 


7.8 (a) Flow Chart for Systematic Group Separation 
Test solution: (Aqueous Extract-A) (Acid Extracts B, C) 


i 


|. Remove interfering anion radicals viz. 


[Fe(CN),], [Fe(CN);-] SCN-, if present. 
1 


Precipitate 
Group-l 
white 
AgCI 
РЬСІ, 
Hg,Cl, 


Precipitate 

white 

Sulfates of 

Pht Bat’, Srt Ca** 
if present. 


Confirm by tndividual tests 
(cf. Sects, 4.4, 4.18-4.20) 


Solution 

2. Heat to boiling, add dilute HCI (-2M). If a precipitate appears, add more 
dil. HCI until precipitation is complete. Filter in the cold condition. Wash the 
precipitate with cold water. (Omit this step with acid extracts B and C). 


m 


Filtrate (Groups I-V) 
Decompose the oxidizing anion radicals : 
CrO}, Cr,OX, BrO;, Юу, AsOI by 
treating with SO,-water. Remove unreacted 
SO, by boiling. Filter if necessary. 


— —— 


Filtrate (Groups II-V) 

I. Dilute with water to adjust acidity to 
-0.3M in HCI, heat to boiling. 

2. Treat with H,S-water. If a coloured pre- 
cipitate is formed, add more H,S-water to 
ensure complete precipitation. 

3. Filter and wash the precipitate with a 
little H,S-water. 


ваши 


Precipitate 
Group-ll 

(А) ПВ) 
Hes Аѕ,5; 
PbS 50,5, 
Bi,S, SnS 
CuS SnS, 
CdS 


| 1 | 


Filtrate (Groups 1ПА-У) 


|. Boil off H,S (test with lead acetate paper) 

2. Reduce volume to ~10-15 ml. 

3. Add 1-2 ml of conc. HNO, (or Br,- water 
or 6% Н,О,) and boil for ~5 minutes (to 
oxidize Fe! to Ее!!! if present). Evaporate 
almost to dryness. 





Filtrate (Groups ULA-V) (contd.) | 


4. Remove F^, BO} (H,BO,), SiO? . if present, by repeated evaporation 
with HCI followed by baking. Take up with little water. 


LA 


. Remove PO; , if present, by lead-acctate method or ferric chloride 
method. 


If Group-I and Group-Il metals and these interfering anion radicals are absent, discard this 
test solution and start with a fresh portion of the original test solution. 


6. Add 1-2 g of МН, СІ, heat to boiling, add 2M ag-NH, solution until 
smell of NH, appears, then add | m/ in excess. Boil gently for | minute 
and filter immediately. Wash the precipitate with 1% NH,CI solution 
containing little ammonia. 


uiis UNIS 














Precipitate Filtrate (Groups ЇПВ-У) 
Group-II] A |. Add 2-3 ml of 2M ag-NH, and drops of | 
Fe(OH), (brown) H,S-water. If a precipitate appears, add 
Cr(OH), (green) more H,S -water until precipitation is i 
АКОН), (white gelatinous) ; comppiete. 2 | | 
MnO(OH), (brownish black) 2. Filter and wash with a little ammoniacal 5 

: H.S-water. 
| 
Precipitate Filtrate (Group IV-V) 

Огоир-ШВ |. Transfer to a porcelain crucible. 

CoS (black) 2. Acidify with acetic acid. 

NiS (black) 3. Evaporate almost dryness. 

MnS (flesh-coloured) 4. Add ~1 ml of conc.HNO, and heat gently 


ZnS (white) until the mixture is dry. Then heat 
strongly in а FUME CUPBOARD to 
decompose the ammonium salts. 

5. Cool and take up with a little dilute 
(2-3M) HCI. 





It Group-I to Group-IIIB cations and the interfering anion radicals are absent, discard this 
test solution and start with a fresh portion of the original test solution. 


б. Add a small amount (~0.2-0.3 g) of NH,CI and render the solution ammoniacal with 
conc. NH, solution. 


7. Bring to 50-60°С by placing on a hot water bath. 
8. Add a concentrated solution (~1 М) of (NH,),CO, with stirring. If a precipiatate appears, 


add more (NH, ),CO, until precipitation is complete. Keep at 50-60° C for —3-5 minutes. Filter 
and wash with little water. 





Precipitate Filtrate (Group -V) 

Group -IV If Groups (I-IV) are absent. discard the 
(white) solution and start with a fresh portion of the 
BaCO, original test solution. 

SrCO, |. Transfer to a porcelain crucible. — 
CaCO, 2, Evaporate almost to dryness. 


3. Add ~1 mi of conc.HNO, and evapo 
to dryness in a FUME CUPBOARD. 
Continue heating until the evolution of 
white fumes of the ammonium salts 
ceases, Two cases may arise: 


No residue is left A white residue is left. 
Group-V present 
| [eon up with 
water or dil.HCI 
Group V absent | Solution 
- (М#7*, Na*, K*)* 
Confirm by individual tests 
(cf. Sect, 4.21-4.23) 


* NH,” radical can not be detected here, since ammonium salts and NH, have been added 
to the test solution as reagents. 
(b) Separation and detection of Group-! cations (Silver Group) 
Group-! Precipitate (white) 
May contain nS PbCL, Hg,Cl, 


|. Wash the precipitate on the filter paper first with a little 2M HCI and then with cold 
water. 


ta 





2. Transfer the precipitate into a small beaker or to a boiling tube (Fig 3.1c), Add ~§ 
mi of water, boil and filter under hot condition. 


m 


Residue (1) (white) 

May contain AgCI and Hg,Cl,. 
Wash the residue with hot water until the 
washings are free from Pb** (i.e, does not 
give yellow precipitate with 0.1 M 
KCrO, solution). 


. Pour 2-3 ml of dilute NH, solution over 


the residue while still on the filter paper, 
and collect the washings. 





Residue (2) 
(if any) 
Black coloured. 
[Hg + Hg(NH,)CH 
Нез" present. 


Filtrate (1) (colourless) 
May contain PbCI., 


. Cool the solution. White shining crystals 


of PbCl, appears if РЬ?” is present. The 
pecipitate disappears on boiling. Divide 
the hot filtrate into three parts. 


. Part(i): Add a few drops of 0.1 M KCrO; 


solution, Yellow precipitate of PbCrO, 
appears if Pb** is present. 


. Part (ii): Add а few drops of 0.1 M KI 


solution, Yellow precipitate of Pbl, 
appears, which dissolves on boiling, 
producing a colourless solution, but 
reappears as brilliant yellow crystals on 
cooling. 


. Part (їй): Add a few drops of 1 MH,SO,. 


White precipitate of PbSO, appears, 
which dissolves on boiling with ammo- 
nium acetate solution. 

Pb^* present. 


Filtrate (2) (colourless) 
May contains [Ag(NH,), ] 
Divide into two part. 


. Рату: Acidify with dil.HNO, (-2M). 


White precipitate of AgCl appears. 


. Part (ii): Add a few drops of 0.1M KI 


solution. Yellow precipitate of Agl ap- 
pears. Ag* present. 


(c) Separation of Сгошр-11 sulfides into Group-H(A) and Group-H(B) 
Group-Il precipitate may contain: 


HgS, PbS, Bi,S,, CuS, CdS 


Аз,5,, Sb,S,, SnS, SnS, 
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Group-Il(A) sulfides. 
Group-II( B) sulfides, 








Wash the precipitate while still on the filter paper, with a little 5% NH,CI soltion in H,S 
"Water (to prevent aerial oxidation of the sulfides to sulfate, CuS to CuSO, in particular). 
Transfer into a small beaker. Add ~5 ml of yellow ammonium polysulfide, (NH,),S, solution, 


heat gently to 50-60*C on a hot water bath in a FUME C UPBOARD for —3-4 minutes with 
constant stirring with a glass rod. Filter. 


Residue Filtrate 
Стоцр- ПСА) Group-II(B) 
Mav contain: May contain: 
HgS, PbS, Bi,S, CuS, CdS (NH,),AsS, 
I. Wash the residue with a little dilute (NH,),SbS, 
(1:100) ammonium sulfide solution and (NH,),SnS. 
then with a little 2% NH NO, solution. |. Acidify with conc.HC] until just acidic 


Discard the washings. (test with litmus paper). 


2. Search for Group Il(A) metals in the 2. Warm gently on a hot water both for 3- 
residue if any. 4 minutes (in FUME CUPBOARD) 
3. Filter the precipitate, if there is any. 


Precipitate Filtrate 
Yellow to orange Discard 
Search for Group-Il (B) metals. 


(c)(i) Separation and detection of Group-IIA cations 
Group-1IA Precipitate 

May contain: HgS (black) : CdS (yellow) 

PbS (black) : Bi,S, (brown) 

CuS (black) 
|. Transfer the precipitate into a small beaker, 
2. Add 4-5 mi of dilute (2M) HNO,, boil gently for 2-3 minutes inside a FUME 

CUPBOARD. 

3, Filter and wash with a little water. 


—— — 


Residue (1) Filtrate (1) 
(black) May contain Pb?*, Cu?*, Cd?* and Ві?“ (or 
Hgs BiO*) as nitrates. 
4 |. Take 2-3 drops of the test solution in a 
1. Transfer into a small beaker. test tube and add 1-2 drops of dilute 





Residue (1) 


2. Add ~1 ml of dil.(2M) НСІ and a few 

1 5 of NaOCI solution. Boi! gently in 

ME CUPBOARD to drive off Cl, 

| | gas. Cool, filter if necessary. Discard the 
residue if any. Divide the filtrate into two 
parts: 

Fart (i) г Add a few drops of SnCl, solution, 
White precipitate of Hg,Cl, appears, 
turning to grey, finally to black (Hg). 

Part (10: Add | drop of Cu,L, slurry. Red 
precipitate of Cu,[Hgl,] appears. 

Hg^' present. 






Filtrate (1) 


(-2M) H,SO, and 2-3 drops of ethanol, 
mix well. If a heavy white precipitate 
(PbSO,) appears, Pb?* is present. 

. If Pb** is present, concentrate the main 
bulk of the test solution to a small vol- 
ume. Add dilute (2M) Н,50, to com- 
pletely precipitate РЬ?* as PbSO,. Con- 
centrate in a FUME CUPBOARD until 
dense white fume appears. Cool and di- 
lute with ~10 ml of water. Allow to stand 
at 80-90°С for ~4-5 minutes. Add drops 
of dilute (2M) H,SO, to check the com- 
pleteness of precipitation of PbSO,. Fil- 
ter. Wash with a little water. 


tr 


pre неее 


Precipitate (2) 
(white) 
PbSO, 

i 

Transfer into a test tube, add ~2 m/ of 3M 

ammonium acetate, warm gently. The pre- 

cipitate dissolves. Divide the solution into 
two parts and perform the following tests: 

Part(ij: Add 2-3 drops of dil. (2M) acetic acid 
and then 1-2 drops of 0.1M K,CrO, 
solution. Yellow precipitate of PbCrO, 
appears. 

Part(ii): Add 1-2 drops of 0.1M KI solution. 
yellow precipitate of Pbl, appears. The 
precipitate dissoves on boiling, reappers 
as brilliant vellow crystals on cooling 
Ph^* present. 


Precipitate (3) 

white 
| ВОН), _ 
1. Place a part of the precipit 


VM м жы! 





рач 





| "od ч," | 


Filtrate (2) 


May contain Bi?*, Cu?* and Cd?* as sulfates. 

l. Add conc. NH, solution until the solution 
is distinctly alkaline (smells of МН.) 
Filter and wash any precipitate with a 
little dilute ag-NH, solution, 


а, 


Precipitate (3) 


stannite solution. Black precipitate 
of metallic Bi appears. 


. Dissolve another part of the pre- 


cipitate in 2-3 drops of dil.HNO.. 
Place | drop of the resulting so- 
lution on a drop reaction paper 
moistened with cinconine-KI re- 
agent, Orange red spot indicates 
Bi^' is present. 





Filtrate (3) 
May contain: [Cu(NH '], (deep blue), 

^ [Cd(NH, X] (colourless). 
|. If the colour is deep blue, Cu^* is present 


Place 1-2 drops of this deep blue solution on a 
spot-plate, add drops of dilute (2M) acetic acid 
until acidic, then add 1-2 drops of K,[Fe(CN),] 
solution. Chacolate or redish-brown precipitate 
of Cu,[Fe(CN),], confirms Cu** is present. 

. If the solution is colourless, Cu** is absent, but 
Cd** may be present. Place a drop of the 
ammoniacal test solution on a spot plate, add 1- 
2 drops of H,S - water. If a yellow precipitate 
of CdS appears, Cd?* is present and confirmed. 


ә 


3. If Cu?* is present, addition of H,S-water pro- 
duces a black precipitate, which definitely con- 
tains CuS, but it is not certain whether or not 
it contains CdS, since the yellow colour of CdS 
is masked by the black colour of CuS. Under this 
condition, carry out tests for Cd?* by the follow- 
Ing procedures: 

(i) Filter the black precipitate obtained on addition 

of H,Sswater to the deep blue coloured ammo- 
niacal solution containing the complex 


[Cu(NH,);°] ion, and wash with a little H,S- 
water rendered slightly ammoniacal. Now pass 
a few drops of dilute HCI (-2M) through the 
precipitate while still on the filter paper and 
collect the clear effluent in a test tube. The 
black precipitate of CuS does not dissolve in 
dil.HCl solution. To the НСІ extract, add а few 
drops of cone.NH, until ammoniacal. If a 
yellow precipitate (CdS) appears at this stage, 
Cd^* is present and confirmed. 

(ii) Alternatively, spot a Whatman No. | filter 
paper strip with H,S-water (or better with 
freshly precpitated ZnS slurry), allow to dry. 
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Filtrate (3) 


Add a drop of the blue coloured ammoniacal test solution using a 
capillary tube. Immediate blackening (due to CuS) indicates Cu?* is 
present, Now hold a solution of dilute (244) НСІ on the spot with the 
aid of a capillary dropper. A moistened ring starts moving away from 
the black spot at the center. When the moistened region has moved 
some distance, (~! cm) away from the black spot, hold the paper over 
ammonia vapour. The moistened region is tumed yellow coloured (due 
to CdS) if Cd?* is present. 

(iii) Alternatively (GREAT CAUTION): Place 1-2 drops of the blue 
coloured ammoniacal test solution containng the complex [Cu( NH; ); *] 
on the spot plate, add drops of 1M KCN solution (from special dropping 
bottle (Fig. 3.6e) meant for KCN solution) until the blue colour is 
discharged (as the blue complex [Cu(NH,);" } ion is transformed into 


colourless complex [Cu(C №,)47] ion. Now add a drop of H,S - water. 
A vellow precipitate (of CdS) at this stage confirms the presence of 
Са? (cf. Sect 2.3). 
(iv) Alternatively, confirm Cd?* by tris-bipyridine iron (II) iodide test. (cf. 
p. 264). 
Note: KCN reacts with both the complexes [Cu( NH Rd and [Cd( NH; to form the 


corresponding cyano complexes, [Cu(CN); ] and [Cd(CN); ], which are both colourless. Cu" 
is reduced by CN- ion to Cul, which being a softer Lewis acid, forms more stable complex 
than Cu! with CN- ion, which is a soft Lewis base. 


2ICu(NH4;*] + 10CN7 — 2(Cu(CN); ] + 8NH, + (СМ), T 
[(Cd(NH4)4*] + 4CN^ — [Cd(CN)? ] + 4NH, 
Stability constant of the copper (1) cyano complex, [Cu(CN); ], is much higher than that 
of the cadmium (II) cyano complex, [Cd( CN); 7] ion: 
[Cu'(CN);] — [Cd " (CN)j] 
log B, (25°C): 30.3 17.11! . 


As a result, the concentration of free Cu?* (or Cu*) ion in presence of excess CN- p 
is much lower than that is required to exceed the solubility product of Cu,$ (Ko 
2.5x10758 at 25°C) with the sulfide (S%) ion concentration prevailing in the solution * 


the condition of the test. Whereas, due to lower stability constant of ICICNMA complex, 
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free Cd^* ion concentration, even in the presence of excess of CN^ ion concentration, is 
sufficient to exceed the solubility product of CdS ( К, = 8х 10727 at 25°С) with the prevailing 
S^ лоп concentration under the condition of the test (cf Sect 2.3 for details). 


(c) (ii) Separation and detection of Group-HB cations 


The yellow-orange precipitate of Group-IIB may contain Аѕ,5,, ASS, Sb,S,, SnS,, SnS 
and some S. 


|. Wash the precipitate, while still on the filter paper, with a little H,S-water and discard 
the washings. 

. Transfer the precipitate into a small conical flask by washing with a jet of water, add 
-5 ml of сопс.НСІ, put a small funnel on the mouth of the conical fask (Fig. 3.12), 
boil gently inside a FUME CUPBOARD for ~5 minutes. Dilute with ~5 тЇ of water 
and allow to stand for 2-3 minutes. 

3. Add drops of H,S-water to reprecipitate small amount of arsenic sulfide which may 

have dissolved on boiling with conc.HCl. Filter and wash the precipitate (if any) with 


a little H.S-water. | 


7 
— 


Precipitate (1) (yellow) Filtrate (1) (colourless) 
May contain : Аѕ,5,, As,S, and S. May contain ; Sb, Sn" as chloride and 
|. Dissolve the precipitate in ~3-4 m! of 2M chloro complexes: 
NH, solution by warming. Filter if SbCl,, SbCI,~ SnCl,, Ѕас127 
necessary, To the filtrate add 3-4 ml of |. Boil the filtrate inside а FUME CUP- 
3% H0, solution and warm gently for BOARD to expel H.S from the solution. 


4-5 minutes. H,O, oxidizes As! if any, 
to As" and sulfide to sulfur. Filter, 

To the filtrate add 2-3 m/ of Mg(NO.). 
solution (or magnesia mixture). Stirr, add 


2. Cool and divide the solution into three 
parts. 
3. Search for Sb and Sn by individual tests. 


2-3 drops of 2M NH, solution if neces- Part (i): Take —1 mi of the test solution in 

sary, allow to Sale. White crystalline a test tube, add drops of 2M NH, solu- 

ipitate of (NH,)MgAsO,.6H,O ap- tion until just alkaline (smells NH.) 

dins As present s 95 filter off any slight precipitate at this 

| y ‚ Add a few crystals of solid oxalic 

Qi) On the filter paper pour =t n ot ANO, өз defects Add drops of 
solution containing ~0.5 т! of 1 M acetic ux 

acid. The residue м the filter paper turns ченин Ош рери of 55,5, 


appears. Sb present. 
brownish-red due to Ag;AsO,. | | 
As present. Part (ii): Place 1-2 drops of the solution on 


a spot plate, add a small crystal of 
sodium nitrite followed by 2 drops of 


(i 


— 





Filtrate (1) (colourless) 


rhodamine-B reagent. Stir with a glass rod. Violet colouration developes. 


Sb present. 


Part (iii): Take ~! m/ of the solution in a test tube, add drops of 2M NH, 
to partially neutralize the solution (solution should be faintly acidic, 
test with a litmus paper). Add a few pieces of small clean tron nails 


(or a small amount of magnesium powder). Warm gently, Sb 


i if 


present, is reduced and precipitated as black metallic Sb on the iron 
nails. Sn!” is reduced to Sn'!-chloride. Filter the solution (cf. Fig. 3.21) 
into a solution of HgCl, taken in another test tube. White to grey 
precipitate containing Hg,Cl, and Hg appears. Sm present. 


(d) Separation and detection of Group-IHIA cations 


Group-IITA Precipitate (Gelatious) 

May contain: Fe(OH), (brown) 
Cr OH), (green) 
AOH), (white) & 


MnO(OH), (dirty brown) (may occur in small amount) 


|. Wash the precipitate while still on the filter paper with a little 1% NH,CI solution 


containing little NH.. 


ә 


. Transfer the precipitate into a small beaker (~50 тї), add —5-10 ml of water and l- 


l.$g of sodium peroxoborate, NaBO..4H,O (or -5 ml of dilute 2M NaOH and 5 mi 
of 6% H,O, solution) to oxidize Cr(OH), to CrO; ion. Boil the mixture gently (for 
~3-4 minutes) until the effervescence (due to O, evolution) ceases. Filter. 


m 


Residue (1) 


May contain : Fe(OH), and МпО(ОН), 


E 


Wash the precipitate with a little hot 
water. 

Take a small amount of the precipitate 
in a test tube add —0.5-1 ml of dil. 
(2M)HCI, warm to get a clear solution, 
filter/centrifuge if necessary. Take 1-2 
drops of the solution on two cavities of 


_ а spot plate and perform the following 
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Filtrate (1) 

May contain: 
CrO (yellow) 
AOH); (colourless) 


. If the filtrate is yellow - chromium is 


present, aluminium may or may not be 
present. 


_ If the filtrate is colourless, chromium is 


absent, aluminium may or may not be 
present. 


Residue (1) 


(1) Add 1 drop of 0.1 M NH,SCN (or KSCN) 


to one cavity, blood red colouration 
appears due to Fe(SCNY* ion. 
Fe present. 


(ii) Add | drop of K,[Fe(CN),] solution to 


the other cavity, Prussian blue 
colouration or precipitate appears, 
Fe present. 


. Take another portion of the precipitate in 
a test tube, add | mi of 8M HNO, and 
3-4 drops of 3% H,O, (or 2-3 drops of 
SO,-water). Boil for a few minutes until 
decomposition of Н.О, (evolution of O,) 
ceases or SO, is removed from the so- 
lution, Add a few grains (~0.05-0.1g) of 
sodium bismuthate, (NaBiO,), shake and 
allow to settle. Violet colour appears due 
to MnO, 

Mn present. 


y 15111 
X 





Filtrate (1) 


3, Perform the following confirmatory tests 


for chromium (cf. Sect. 4.13). 


(1) Place 1-2 drops of the filtrate on a spot 


plate, add drops of diluute (2M) acetic 
acid until acidic. Add | drop of lead 
acetate solution. Yellow precipitate 
(PbCrO,) confirms chromium. 


(ii) Take ~ | m! of the filtrate in a test tube, 


add drops of dilute (2M) HNO, until 
distinctly acidic. Add ~1 mi of ether and 
3-4 drops of 3% H,O, solution, shake 
and allow the mixture to stand. Blue 
upper (organic) layer (due to chromium 
pentoxide, СгО,) confirms chromium. 


. Perform the following tests for alumi- 


num (cf. Sect 4.12). 


(i) Take ~| ml of the filtrate in a semi-micro 


test tube, add —0.5g of NH,CI and boil 
gently for a few minutes. White gelati- 
nous precipitate of АКОН), appears if 
aluminium is present. Add a little more 
NH,CI and continue boiling if necessary 
to obtain a visible precipitate. Centifuge 
and wash the precipitate with water, 
discard the centrifugate until almost 
neutral (test with litmus paper). To the 
washed (neutral) precipiitate of Al(OH), 
add 1 drop of alizarin-S reagent and 
place the test tube with its contents in a 
beaker of boiling water (Fig. 3.15). 
Beautiful searlet red lake is formed if 
aluminium is present. Al confirmed. 


(ii) Take ~| ml of the filtrate in a test tube, 


acidify with dilute (2M) HCI, then render 
alkaline with ag-NH,. White gelatinous 
precipitate of АКОН), appears. Centri- 
fuge and wash the precipitate with water. 





Filtrate (1) 


Dissolve the precipitate in —1 m/ of 2M HCI, add | m/ of 6M ammonium 
acetate and a few drops of aluminon reagent. Add ammonium carbonate 
until alkaline. Stirr with a glass rod. Red precipitate - Al confirmed. 


(e) Separation and detection of Group-HIB cations 


Group -INHB Precipitate 


May contain: CoS (black) MnS (flesh coloured) 
NiS (black) ZnS (white) 
|. Wash the precipitate, while still on the filter paper, with 1% NH,CI solution containing 
a little NH. and a little (NH,),S (~!% by volume), discard the washings. 
2. Transfer the precipitate into a small (~50 m/) beaker, add ~5 mi of dilute (2M) НСІ 
and a little water (~5 m/). Stirr with a glass rod, allow to stand for 3-4 minutes and filter 


(cf Figs. 3.20 or 3.21). | 


Residue (1) (black) 


May contain CoS, NiS. 
|. Perform borax bead test with the residue. 


(i) Blue bead in both oxidizing and reducing 
flame -Co present and confirmed. 


(u) Brown bead in oxidizing flame and grey 
bead in reducing flame-Ni present. 

2. Transfer the precipitate into a small (~25 
ml) beaker, add 1-2 m! of sodium hy- 
pochlorite (NaOCI) solution and ~! ml 
of dilute (2M)HCI. Boil the mixture 
gently until evolution of Cl, gas ceases. 
Cool the solution and search for Co(II) 
and МИП) by the following individual 
tests. (cf Sects. 4.14, 4.15) 

(i) Take ~l m! of the solution in a test tube, 
add | m/ of ether and 1-2 small crystals 
of KSCN, or, NH,SCN, shake. Blue 
colouration of the organic layer. 

Co present and confirmed. 
(п) Take | m? of the solution and 1 mi of 
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Filtrate (1) (colourless) 

May contain Mn?*, 2п2*, (if 

coloured, traces of Co?*, Ni?* may 

occur). 
Boil gently to remove the H,S gas com- 
pletely (test with lead acetate paper). 
Cool the solution and add 2M NaOH 
soluton in excess until strongly alkaline. 
Add ~| ml of 3% H,O, solution, boil 
gently for 3-4 minutes (to oxidize Mn 
to Mn). When effervescence (O, evo- 
lution) ceases, filter. 


| 


(Continued p. 513) 





Residue (1) (black) 
conc, HCI in a test tube, warm gently, 
deep green colour (due to Сос) 
developes. Cool and dilute with water. 
the green colour disappears, a redish 
pink colour (due to Co?*(aq)) appears. 
Co present and confirmed. 

(iii)Place 1-2 drops of the solution on a spot 
plate, add | drop of 1% alcoholic 
dimethylglyoxime reagent and drops of 
dilute aqg-NH, until ammoniacal. Crys- 
talline red precipitate appears. Ni present 
and confirmed. 


Precipitate (2) 
MnO(OH), (dirty brown) 

(traces of Co(OH),, Ni(OH), may occur) 

Dissolve the precipitate in ~5 mi of 8M 

HNO,, adding a few drops of 3% Н,О, (to 

reduce Mn'V to Mn"). Boil gently until 

effervescence (O,7) ceases. Divide the 
solution into three parts and perform the 

following tests (cf. Sect 4.16). 

Part (i); Place 1-2 drops of the solution on 
a spot plate and add a few grains of 
sodium bismuthate (NaBiO,), Stir with a 
glass rod. Violet colouration (due to 
MnO). Mn present and confirmed. 

Part (ii): Take —1 л of the solution in à test 
tube, add | drop of AgNO, solution and 
a crystal of potassium (or ammonium) 
peroxodisulfate (K,S40,). Warm gently. 
Violet colour due to MnO; developes. 
Mn present and confirmed. 

Part (iii): Take | m/ of the solution, add a 
small amount of red lead (Pb,O,) in a 
test tube and boil gently. Violet colour 
due to MnO, ion developes. Mn present 


and confirmed. 
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Filtrate (1) (colourless) 





Filtrate (2) (colourless) 


May contain 7n( OH); Acidify with acetic 
acid (2M), divide into three parts and per- 


.form the following tests (cf Sect 4.17). 


Part (i): Take | mi of the solution in a test 
tube add H,S- water. White precipitate of 
ZnS appears. 

Zn-present. 

Part (ii): Place | drop of the solution on a 
spot plate, add | drop of very dilute 
copper sulfate solution and then | drop 
of ammonium mercurothiocyanate solu- 
tion. Stir with a glass rod. Violet precipi- 
tate appears. 

Zn present and confirmed. 

Part (iii): Perform the above test (ii) using 
| drop of cobalt nitrate solution in place 
of copper sulfate. A blue precipitate 
appears. 

Zn present and confirmed. 





(f) Separation and detection of Group-IV cations 
Group-IV Precipitate (white) 
May contain : BaCO,, SrCO, and CaCO, 

|. Wash the precipitate, while still on the filter paper, with a little hot water, discard the 
washings, 
Pour drops of hot dilute (2M) acetic acid through the filter paper repeatedly and collect 
the effluent (~2m/). Heat nearly to boiling. Call this solution as (solution-A) 
3. Place 1-2 drops of the hot acetic acid extract (i.e, solution A) on a spot plate, add l- 

2 drops of 0.1 M, K,CrO, solution. Yellow pregipitate (BaCrO,) indicates and confirms 


t3 


the presence of Ba. 

4. If Ba is absent, discard the portion used in 
in remainder of solution-A. 

5. If barium is present, add sufficient 0.1 M K,CrO, to the remainder of solution - A to 
precipitate BaCrO, completely. Heat nearly to boiling and allow to stand. Add a few 
more drops of the K,CrO, solution to ensure that precipitation of BaCrO, is complete 
and the supernatant liquid is yellow coloured. Filter and wash the precipitate with hot 
water. Search for Sr^* and Ca** in the combined filtrate and washings. 


ечен, re 


Precipitate (1) (Filtrate + washings) (1) - yellow 


BaCrO, (vellow) May contain Sr* and Ca? _. 
To the hot filtrate, add 2M ammonia 


в for Ba. Search for Sr^* and Ca?* 


|. Takea small portion of the precipitate in l. 
a porcilain dish, add 2-3 drops of solution until ammoniacal (smells NH. ). 


conc.HCl. Evaporate the resulting solu- Add a saturated solution of (NH,),CO, 

tion inside a FUME CUPBOARD (or Na,CO,) in excess. White precipi- 

almost to dryness. tates of SrCO, and or CaCO, appear. 
2. Carry out flame test with the residue. 3. Filter and wash the precipitate with hot 

Apple green (yellowish-green) flame. water, while still on the filter paper. 

Ba present and confirmed. 4. Pour drops of hot 2M acetic acid solution 
on the precipitate on the filter paper and 
collect the effluent. Call this solution as 
(solution-B) 


һә 


Both (solution-A if Ba?* is absent) and (solution-B if Ba% is present) 
may contain Sr^* and Ca?*. Procced according to the following 


procedure. 


Solution-A or Solution-B (as the case may be). 


|. Boil gently to expel CO, completely. Concentrate the volume nearly to ~$ ml. 
2. Take ~2 inl of the test solution in a test tube, add —2 m/ of saturated (NH,), SO, solution 
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and a small crystal of sodium thiosulfate (or ~2 ml of triethanolamine), warm the mixture 
gently on a hot water bath with constant stirring with a glass rod for 5 minutes. Allow 


to stand for 2-3 minutes and filter. 


Precipitate (2) (white) 
SrSO, mostly. 

|. Place the filter paper containing the pre- 
cipitate in a porcelain or silica crucible, 
Heat strongly until the filter paper is 
charred, Alternatively, hold the filter 
paper with the precipitate at the Bunsen 
flame with the aid of a Pt-wire. 
Moisten the resulting ash with conc. HCI 
and perform flame test. Crimson red 
flame indicates and confirms Sr”. 


һә 


Filtrate (2) (colourless) 
May contain Ca** 

(If Sr?* is absent use solution-A or solution- 
B directly for testing Ca?*). 
To 2 ml of the test solution in а test tube, 
add 2 m! of saturated amonium oxatate, 
(NH,),C,O, solution and drops of ag-NH, 
until almost neutral. Warm on a hot water 
bath (Fig. 3.15). White precipitate (CaC,O,) 
indicates Ca present. 
Confirm Ca by flame test. Transient brick- 
red flame confirms Ca”. 


(g) Separation and detection of Group-V cations 


Note: If the metals of Groups I to IV are absent, search for Group-V cations in the original 
test solution. Otherwise, search for Group-V cations in the filtrate obtained after precipitation 
of Group-IV metal carbonates, In either case, evaporate the solution to dryness. Moisten the 
resulting residue with a few drops of conc.HNO, and heat inside a FUME CUPBOARD to 
decompose and drive off ammonium salts. Cool and extract the residue, if any, with minimum 


volume of water, filter if necessary. 


m 


Residue (1) (if any) 

1. Dissolve in a few drops of hot 2M HCI, 
dilute with equal volume of water. Di- 
vide the solution into three parts and test 
for Mg?* (cf. Sect. 4.21). 

Part (i): To 2-3 drops of the test solution 
on a spot plate, add 2 drops of magneson 
reagent and drops of 2M NaOH solution 
until alkaline. Blue precipitate. 
Mg-present and confirmed. 

Part (ii): Place a drop of the test solution 
on a spot plate, add a drop of titan yellow 
reagent and drops of 24M NaOH until 
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Filtrate (1) (colourless) 


Concentrate into a small volume, divide into 
four parts and test for Mg?*, Ма” and К? (cf 
Sect. 4.21-4.23). 

Part (i): Place 1-2 drops of the test solution 
on a spot plate, add | drop of oxine 
reagent and drops of dilute ag-NH, 
(-2M) until faintly ammoniacal. Pale 
yellow precipitate: Mg present. 

Part (ii): Take —1 drop of the test solution 
in a test tube, add-1 drop of Na,HPO, 
solution and drops 2M ammonia solution 
until ammoniacal. Warm on a hot water 


Residue (1) (if апу) 


alkaline. Red colouration or a precipitate 
indicates Mg-present and confirmed. 


Part (iii): Take ~0.5 ml of the test solution 


in a test tube, add a few small crystals 
of NH,CI and warm. To the hot solution 
add | drop of oxine reagent and drops 
of 2M ag-NH, until faintly alkaline. Pale 
vellow precipitate. Mg present. 





Filtrate (1) (colourless) 
bath, scratch the sides of the test tube 
with a glass rod. White crystalline pre- 
cipitate (NH,MgPO,.6H,O) appears. 
Mg-present. 


Part (iii): To 1 drop of the test solution on 


a spot plate, add 8 drops of 
zincuranylacetate reagent, stir with а 
glass rod. Yellow crystalline precipitate 


appears within a short time. Na present. 
Confirm by flame test. 

Part (iv): Take 1-2 drops of the test solution 
on a spot plate, add a few drops of 
sodium cobaltinitrite (Na,[Co(NO, ),] in 
2M acetic acid, stirr with a glass rod. 
Yellow precipitate of K.[Co(NO;),] ap- 
pears within a short time. A present. 
Confirm by flame test. 


7.9 Testing of Insoluble Residues 


Colour of majority of the common insoluble materials are white, a limited number of 
insoluble materials have characteristic colours. 
(1) Colours of common insoluble materials 


Insoluble Residue (D) 


Characteristic colour White coloured 


Green Cr,0, PbSO,, BaSO,, SrSO,, CaSO, 
Red Ре.О, ALO,, SiO,, ЅпО,, AgCI” 
Yellow PbCrO, (Ca, Mg, Al) silicates. 

Pale yellow АРХ (X = Br, 1, SCN} Compounds of rare elements 
Grey CaF, [BeO, CeO,, TiO,, ZrO,]* 
Note: 


(i) Acid insoluble sulfides, viz, As,S,, As,S.. Sb,S4, 56,5,, SnS, (also MoS,, V.S, and 
WS,)* dissolve in NaOH, or, KOH solution forming sulfosalts. 

(ii) Acidic oxides (MoO,, WO,, V,0;]* are acid insoluble, but dissolves in ag-NH, solution 
forming ammonium salts of the corresponding metalloacids. 

(11) CdS, HgS may be decomposed by fusion with NaOH. 

(iv) PbCrO, dissolves on hoiling with conc.NaOH solution (cf. p. 593). 


*Rare elements. # May appear slightly ash coloured. 
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(2) Treatment of insoluble materals 


(a) Search for PbSO, (white insoluble residue) 
Take a small amount («0.1g) of the insoluble residue in a semi-micro test tube. add —2 
ml! of concentrated (6M) ammonium acetate solution and a few drops of ammonia, boi! gently 
for 2-3 minutes. If the precipitate dissolves completely, search for only РЬЅО,. Divide the 
solution into three parts and perform the following test (cf. Sect 4.4) 
Part (1): Place 1-2 drops of the test solution on a spot plate and add | drop of 0.1M 
K,CrO, solution. Yellow precipitate of PbCrO, appears. Pb present. 
Part (ii): Place 1-2 drops of the test solution on a spot plate and add | drop of 0.14f 
KI solution. Yellow crystalline precipitate of Pbl, appears. Pb present. 
Part (iii): Take ~| ml of the test solution in a semi-micro test tube. acidify with dilute 
(2M) HNO, and add drops of Ba(NO,), solution. Heavy white precipitate of 
BaSO, appears. SO?" present and confirmed. 
As the ammonium acetate extract coins both Pb** and 5047, therefore. PbSO , is present 
and confirmed. 
If PbSO, is present, boil the remainder of the remainder of the insoluble residue with 6/M) 
ammonium acetate, until PbSO, dissolves completely. Filter under hot condition and wash the 
residue with a little hot ammonium acetate solution. 


): — — 


Residue (white) Filtrate 
May contain : BaSO,, SrSO,, CaSO,: Many contain PbSO, 


(Ca, Mg, Al) silicates, АІ,О,, SiO., SnO,, 
Zn-ferrocyanide, AgCI (Also ВеО, CeO, TiO,, 
ZrO,)* 


If PbSO, is absent, proceed to carbonate fusion/bisulfate fusion with the original white 
insoluble residue. 

(b) Carbonate Fusion for white (as well as coloured) insoluble residues 

Transfer the insoluble residue into a Nickel or a Platinum crucible. Evaporate to dryness. 
Mix with 4-times its bulk of fusion mixture (1:1 mixture of anhydrous Na,CO, and K,CO,). 
Heat the mixture strongly until a clear melt results. Keep under molten condition for ~5 minutes. 
Cool, extract the fused mass by boiling with water. Filter and wash the residue (if any) with 
hot water. 


Residue (1) Filtrate (1) 
May contain: BaCO,, SrCO,, CaCO, АКОН, Мау contain: — SO; ,SiO5 . Al(OH);. 
(Also: — Be(OH), — Ce(OH), — T(OH). — Snol, Zn(OH) 
Zi(OH),]* 1. Acidify with dil.(2M) HNO,, 
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Residue (1) Filtrate (1) 
|. Extract with dilute (2M) HNO.. 


hr 


Perform individual tests. 


2. Search for cations by individual tests, Divide into three parts and perform the 
particularly for Group-IIIA, IV and V following tests. 
(Mg). (cf. Sects. 4.12, 4.18-4.20, 7.84, Part (i): Perform silico molybdate-benzidine 
7.8.f, 7.8.g and [8.2-8.6]*) blue test for silicate (cf Sect, 5.21) 


Part (ii): Add Н, ~ water and then acidify 
with dil.(2M) НСІ, Yellow precipitate 
(SnS,). SnO, Present. 

Part (iii): Acidify with dilute (2M) HNO,, 
filler or centrifuge if any precipitate 
appears at this stage, 


p 


Precipitate (2) (f any) Filtrate (2) 
(i) Test for SiO?" (SiO,) (cf Sect. 5.21) (i) Test for 5057. 
(ii) Test for SnO, (cf. Sect 4.10) Add Ba(NO.), solution to one part of the 


filtrate. A heavy white precipitate (BaSO,) 
indicates - $07- present 


Also perform other tests of SO; (cf. Sect 5.9). 


(ii) To another part of the filtrate in a test tube, 
add 2M NH, solution until ammoniacal. A 
white gelatinons precipitate appears if Al is 
present. Centrifuge and discard the 
centrifugate. Wash the precipitate with water 
by repeated centrifugation until free from 
alkali. Add | drop of alizarin-S reagent and 
place the test tube in a beaker of boiling water 
(cf Fig 3.15). Scarlet red lake indicates-Al. 
Al,O, present. 

(iii)Neutralize —1 mi of the test solution with 
dil(2M)NH, and then just acidify with 
dil(2M) acetic acid. Apply ammonium 
mercurothiocyanate test for Zn(II) using 
Со) nitrate and or Cu(II) sulfate solutions 
as usual (cf. Sect. 4.17). 

(iv)Search for chromate (cf. p.-425) if the colour 
is yellow-orange. 





*Rare elements 








(c) Bisulfate fusion (for white as well as coloured insoluble residues) 
When strongly heated, potassium hydrogensulfate, KHSO,, is dehydrated to potassium 
pyrosulfate. K, 15,04: 
2KHSO, ж» K,S,0, + H,07 


The pyrosulfate melt acts as a high temperature Lewis acid that dissolves the refractory 
oxides viz. Cr,0,, Fe,0,, Al,O, [and also BeO, CeO,, TiO», ZrO,]* etc. which act as Lewis 
bases. These are transfermed to water soluble sulfate salts of the corresponding metals. 
Pyrosulfate (5,057 ) ion may be regarded as a (1:1) combination of $02" ; jon and SO,, of 
which the latter serves as the actual acid 


K,5,0, = К,50,.50, 
МО, +3K,SO,.SO, => M''(S0,), « 3K,SO, 
(М!!! = Fe, Cr, Al) 
[M'YO, + 2К,50,.50, > M(SO,), + 2K,S0, 
(M'Y = Ti, Ce, Zr, Th) 
ВеО + K,SO,.SO, > BeSO, + K,SO,]* 


The bisulfate fusion meit after cooling. is extracted with dilute (1M) sulfuric acid. The 
solution may contain the sulfates of Crꝰ (green), Fe?* (almost colourless), All", [Ce!!, Ti!" 
Zr", Th!" and Bel]* (all colourless), which may be identified by their individual tests, or by 
svstamatic group separation from Group-IllA. 

Procedure 

Mix a small amount (~0.2g) of the insoluble residue with 4 times its bulk of KHSO, in 
a fusion tube. Heat first gently to drive off H,O (released due to transformation of 2KHSO, 
to К,5,0,) and then very strongly to form а clear melt. Keep under molten condition for 3.4 
minutes and then plunge and break the fusion tube while still hot in ~15-20 m? of dil. (1M) 
H,SO, contained in a small beaker. Boil for 4-5 minutes and filter (cf Fig. 3.21). Discard 


the residue if any. The filtrate may contain Сг?* (if it is green coloured), CrO; , Cel (yellow 
coloured). The other insoluble oxides including Fe,O, after fusion with KHSO,. followed by 
extraction with dilute (1M) H,SO, produce almost colourless solutions. Test for individual 
members by their ра tests, ог by Group separation starting from Group-IIIA. [cf. 


Sect 4.11-4.13, 7.84, (8.2-8.6)*]. 
To the clear, hot extract, add a small amont —0.5g of NH,CI and 2M ammonia solution 


- until ammoniacal, Filter if a precipitate is formed, wash the precipitate with a little 1% МНС! 
solution containing little NH.. 


—— — — ———————— 
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Precipitae (I) :Group-IHA 


May contain: Fe(OH),, Cr(OH),, АКОН), 
[also Be(OH),, Ti(OH),. Zr(OH),. Ce(OH),, Th(OH);]* 


mn 





Filtrate (1) 
Discard 


Dissolve the precipitate in minimum volume of hot 2M 


HCI. 


Pour the resulting solution into an equal volume of a 
solution containing 2 mi of 30% Н,О, in 2.5M freshly 


prepared NaOH solution. 


Boil the mixture gently for —4-5 minutes, filter and 
wash the precipitate with a little hot 2% NH,NO, 


containing little NH4. 


Precipitae (2) 


May contain: Fe(OH), (brown) 


[also MO,.xH,O (M = 


Ti, Zr. Ce, Th), 


Be(OH);]* 


4 


ts 


Dissolve the residue in 2M HCI. Boil 
gently until effervescence (1f any due to 
О, from Н,О,) ceases. 

Perform individual tests for Fe"! (cf. Sect 
4.11), [also for (Ti, Zr, Ce, Th, Be), cf. 
Sect, 8.2-8.6]* 


May contain : 


Filtrate (2) 
Cro; ^. АХОН), 
[also Be(OH);] * 


1. If the colour is yellow, CrO;" is present. 


Just acidify with ап. ТА H SO, (test with 
litmus paper) and apply diphenylcarba- 
zide test for chromate (cf. Sect. 5.18), 


. Ifthe colour is yellow, just nutralize with 


dil.2M HNO,, add 2-3 т! of 0.25M 
Pb(NO.), solution and -1g of solid 
ammonium acetate. Warm gently, stirr 
with a glass rod. Yellow precipitate of 
PbCrO, appears. Allow to stand and add 
drops of 0.25M Pb(NO,), solution to 
ensure complete precipitation of lead 
chromate. Filter and wash with hot water. 


— — 


Precipitate (3) 
yellow (PbCrO,) : 
Сг,О, present. 
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Filtrate (3) 


May contain AKOH),", [also Be(OH)? ]* 
and Pb** (unreacted excess). 





Filtrate (3) 


|. Add drops of H,S-water until Pb?* is completely precipitated as PbS 
(black precipitate). Filter and discard the precipitate. 
. Add drops of 2M HNO, until distinctly acidic. Boil off H,S completely. 
3. Add drops of 2M ag-NH, to the hot solution until it is neutral. Add 
an excess of concentrated (NH,),CO, solution. 
White gelationas precipitate appears if АІ? is present. Filter (or, 


centrifuge) | 


Precipitate (4) Filtrate (4) 
Gelationous white, Al(OH). 
Confirm Al by alizarin-S test (cf. Sect. 4.12) 


—X 


[May contain [Be(CO,)5~] complex ion. 

1. Boil gently for some time. White 
precipitate of Be(OH), appears if Be is 
present. 


һә 


Centrifuge, wash with а little water. 


3. Confirm Be by quinalizarin test (cf. Sect 
8.2)]* 


(d) Tests for SnO, 
(i) Sulfur fusion test 
Mix a small amount (<0.1g) of the insoluble residue with 4 times of its bulk of (3:2) sulfur 
powder and fusion mixture in a fusion tube. Heat strongly inside a FUME CUPBOARD until 
fusion occurs. Extract the fused mass with a little hot water, filter and acidify the filtrate with 
dil.(2M)HCI. Yellow precipitate of SnS, appears. SnO, is present. 
The probable reactions are : 
SnO, + 55 + Na,CO, -> Na,SnS, + 280,1 + COT 
Na,SnS, + 2НСІ =» SnS,} + 2NaCl + H,ST 


(ii) Volatilization test 
Mix a small amount of the insoluble residue with 4 times its bulk of ammonium iodide 
(NH,I) in a porcelain basin and heat the mixture strongly inside a FUME CUPBOARD. The 
sample volatilizes is Snl} 
SnO, + 4NH,I — Snl,T + 4NH,? + 2H,07 


Repeat the operation. If the sample is completely volatilized, SnO, is present. 
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(iii) Luminescence reaction 

Take a small amount («0.1 g) of the insoluble residue in a small beaker (25-50 ml) and 
cover the solid with 5-6 mi of conc.HCl. Add few small pieces of Zn-ganules to liberate H, 
gas. Stirr the mixture with a small test tube filled with cold water. Remove the test tube from 
the liquid and hold the portion that was immersed in the liquid to the non-luminons Bunsen 


flame. 
A characteristic blue mantle of the flame is formed around the test tube, even in presence 


of trace quantities of tin. SnO, is present. 


(e) Tests for CaF, 

(1) Take a small amount («0.1 g) of the insoluble residue in a dry test tube, add 0.5-1 
ml of conc.H, SO, and warm gently inside a FUME CUPBOARD. Oily bubbles appear inside 
the test tube (cf. Sect 5.10) 

CaF, + H,SO, — CaSO, + 2HFT 
SiO, (glass) + 4HF(g) — SiF,T + 2H,0 

Hold a drop of water contained in a platinum wire loop over the issuing gas (SiF, mostly). 

The water drop becomes opaque, because of the reaction: 
JSiF, + 4H,0 — Si(OH),+ + 2H,SiF,4 
` Fluoride is present. 

(2) Continue digestion of the insoluble residue with conc.H5SO, (test 1) inside a FUME 
CUPBOARD for —5 minutes to dissolve the insoluble residue as much as possible. Cool and 
pour this reaction mixture in a beaker containing 5-10 m/ of water. Filter Add a small amount 
of NH,CI and 2M ag-NH, to the filtrate until alkaline. Add drops of concentrated solution 
of (NH,),CO,. White precipitate of CaCO, appears if CaF, is present. Confirm hy flame test. 
Transient brick red flame confirms calcium. Ca is present (cf. Sect 6.5). 

(3) Take a small amount («0.1 g) of the insoluble residue in a test tube add drops of beryllium 
chloride or nitrate solution, warm gently. The insoluble fluoride residue passes into the solution 
completely due to the formation tetrafluoroberyllate [BeF] ] complex ion. Filter/centrifuge if 


necessary. 


2CaF, + BeCl, + [BeF] ] + Са 


[ле шинин М me a 








22 “bipyridine (bipy), Fe?* is demasked from the cyanocomplex and reacts with bipy, producing 
a red colouration due to the formation of [ Fe( bipy ji^] complex ton: 


[Fe(CN); ] + 3AgXísy — Fe + JAg(CN),- + 3X- 
Ее?' + 3bipy — [Fe(bipy)3* ] 

Take a little (40.1 g) of the insoluble residue in a semi-micro test tube, add 1-2 drops 
of 1% K,[Fe(CN),] solution followed by 1-2 drops of 2M ag-NH, and | drop of 1% solution 
of 2, 2'-bpyridine in alcohol. Place the mixture on a hot water bath (Fig. 3.15) for a few minutes. 
Depending upon the quantity and also on the nature of the silver halide/pseudo halide (СГ 
/Br/V/SCN"), the initially colourless solution gradually becomes pink and finally deep red 
within a few minutes. (cf. Sect. 5.11). 

(2) Silver halides (AgX, X = CI. Br, 1, SCN) dissolve in sodium thiosulfate solution due 
to the formation of soluble dithiosulfatoargentate(I) complex, [Ag(S30,): ] ion. The solution 
on boiling gives black precipitate of silver sulfide. 

AgX(s) + 25:07 — [Ag(S0,9] + X- 
2[Ag(S,0;)3-] + + Ag;S,044 + 35,07 
Ag,S,0,(s) + H,O — Ag,S+ + 5027 + 2H" 


(3) Silver halides are reduced to silver metal by metallic zinc in presence of dil.H,SO, 
and halide ions are set free in solution. 

Take a small amount of the insoluble residue in a small (25-50 m/) beaker, add ~5 mi 
of dil. 1M H4SO, and a small amount of zinc-dust. Stirr with a glass rod for ~5-10 minutes. 
Filter and wash the residue with a little water. 


— a ee n. 


Residue Filtrate 
Spongy mass (Ag? + Zn?) May contain Zn"Cl,,  ZnBr,  Znl, 
Dissolve the mass іп dil.(2M)HNO, and to Zn(SCN),. Search for halide/SCN^ ions by 
the resulting solution add dil.(2M) HCI. individual tests. (cf. Sects. 5.6, 5.11-5.13) 


Curdy white precipitate of AgCI appears. 
The precipitate dissolves in dil.(2M) NH, 
solution, but reappears on acidification with 
dil. HNO,. Ag-present and confirmed. 


(g) Insoluble ferrocyanides 
Fe,[Fe(CN),]; Prussian blue 
Cu,[Fe(CN);] ^ Chacolate colour 
Zn,[Fe(CN),] Pale yellow 
KjZn,[Fe(Cn)], Pale yellow 
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In soluble ferrocvanides are decomposed by prolonged treatment with conc. 5M NaOH 
solution under hot condition. Fe!!!, Cult precipitate as their hydrated oxides. Zn", because of 
amphoteric nature of its hydroxide, remains in the NaOH solution as sodium zincate, 
Na,[Zn(OH),]. Small amount of Zu" may also occur as hydrated oxide, in the residue, like 
hydrated Cu(Il)- oxide due to incomplete conversion: 

Fe,[Fe(CN),], + 120Н- - 4Ее(ОН), + + 3[Fe(CN)? ] 


Cu,[Fe(CN),] + 40H- > 
Zn,[Fe(CN),] + 80H- > 


2Cu(OH),+ + [Fe(CN) ] 
Zn(OH} ]  [Fe(CN); J 


K,Zn,[Fe(CN),],  120H- — 3Zn(OH)? ]  2/Fe( CN); ] + 2K* 


Procedure 


Take a small amount (—0.1 g) of the insoluble residue in a small beaker, add ~4-5 mi of 
3M NaOH solution warm gently, cool and filter. 


Residue (1) 
Cu( OH ),/CuO, Fe(OH),/FeO(OH), 
also Zn( OH (small amount) 
Dissolve the residue in hot dilute 
2M HNO,. Divide into two parts. 
Part (i): Take | drops of the test 
solution on a spot plate, add | drop 
of NH,SCN solution. If à blood red 
colouration appears, Fe is present. 
Part (ii) : Take —-0.5-1 m? of the test 
solution, add 2M  ag-ammonia 
solution. If a deep blue colouration 
appears. Cu is present. 
Apply other tests of Fe (cf. Sect 4.11). 
and Cu (cf Sect. 4.6). 


Filtrate (1) 
Mlay contain : [Fe(CN), ]. [Fe(CN);] and 


[Zw OH); ] ions. Confirm by individual tests. 

(cf Sect. 5.16, 5.17 and 4.17). 

Divide into three parts and perform the following 

tests: 

Part (i): Place | drop of the test solution on a spot 
plate, acidify with drops of dil.4M H,SO, and 
add | drop of FeSO, or Mohr's salt solution. 
If a blue colouration or precipitate appears 
Ferricyanide is present. 

Part (ii): Place | drop of the test solution on a spot 
plate, acidify with dil.(1:1) HCI solution and 
add 1 drop of FeCl, solution. 

If a blue colouration or precipitate appears, 
Ferrocyanide is present. 

Part (iii): Take ~ | ml of the test solution, add 
dil.2M acetic acid until faintly acidic. Add H,S- 
water. If a white precipitate (ZnS) appears, 
Zn is present. 

Filter, or, centrifuge, wash with a little water. 

dissolve the precipitate in dil.244 NaOH solution, 

acidify with dil.2M acetic acid, apply ammonium 
mercurothiocyanate test for zine using cobalt nitrate 

or copper sulfate solution as usual (cf. Sect. 4.17). 
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— LIBRARY 


CHAPTER - 8 


Reactions of Cation and Anion Radicals 
Derived from some ‘Rare Elements’ 





8.1 Introduction 


The importance of studying the chemical reactions of the cation and or anion radicals derived 
from some less common elements, popularly called as rare elements and designing experiments 
[ог their detection and identification in some natural, industrial, domestic and environmental 
materials owe their origin in the identification of some of these elements viz, vanadium and 
molybdenum in serveral redox enzymes, applications of thorium and uranium in nuclear 
reactors, beryllium, titanium, zirconium, cerium oxides in producing refractory and high 
temperature materials, use of titanium, vanadium, tungsten in making special alloys including 
alloy steels, catalytic propertics of certain simple and organometallic compounds of molyb- 
denum, vanadium, and titanium, last but not the least, toxicity of compounds of most of these 
elements, Although the term, ‘rare elements’ indicates low natural abundance, which is true 
for some of these elements, but the term is a misnomer for the other elements so called, and 
more over, the natural abundances of some common elements, not given the tag of rare elements, 
are even lower than those of some of the so called rare elements. This will be evident from 
the weight percent (w%) of the so called rare elements and some common elements (Table 
8.1). 

Table 8.1. Weight percent (w?$) of some less common and common elements in the in 
the earth crust. 


Less common elements (w%) Common elements (w%) 

Be 6x107 V 0.015 Zn 0.013 Cr 0.02 

Ti 044 Mo 10? - 107 Cd 1.5х105 Fe 5 

Zr 0.022 УМ 107 – 107 Hg 105-10% Со 23x10 
Hf 45x10" Ni 8x107 


Serveral anomalies may be pointed out from the above table: 

(i) Although Cr, Co and Ni are much less abundant than Ti, and Zr; Co and Ni are less 
aboundant than vanadium, yet these elements (Cr, Co and Ni) are not included in the list of 
rare elements. 

(11) Abandance of Zn is lower than those of Ti, V and Zr, but Zn is not tagged as a rare 
element, whereas, Ti, V and Zr are called rare elements 

(iii) Cd and Hg are much less abundant than almost all the so called rare elements, but 
vet these are included as common elements. 

This chapter deals with the identifying tests of some of these less common elements, viz., 
beryllium (Be), titanium (Ti), zirconium (Zr), vanadium (V ), molybdenum (Mo), tungsten (W), 
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\ 
cerium (Ce), thorium (Th) and uranium (U), when they are present singly as well as in their 
binary and ternary mixtures. Although these elements may be classified into analytical Groups 
n systematic Group analysis, as in Table 8.2: 
Table 8.2. Classification of rare elements into analytical-Groups 


Group Metal precipitated Precipitated as 
Group-l W WO..xH.O 
Group-H Mo, V Sullides 
Group-ll Be, Ti, Zr. Ce, Th, U Hydroxides 


it 15, however, more convenient to detect these elements by their characteristic individual 
tests. 
8.2. Reactions of Beryllium (Be!) 


Beryllium compounds are highly POISONOUS. Be** ion shows certain similarity with Mg?* 
and AP ions (diagonal relationship). BeO is an insoluble material. Chloride, sulfate and nitrate 
salts of Be^' exist as hydrated salts or oxo acids, eg, [Be(H,0),]X,. where, X = CF, 


NO;, 15047 .Due to. very high ionic potential of Be^* ion, Be(ag)^* ion, Le, Be( H30)7* 
ion is moderately. acidic (PKR. ~ 6.52 at 25°С), 

Indication 

There is no characteristic indicative test for Be on solid sample. 


Reactions of Be** ion in solution 


(1) Aqueous ammonia or ammonium sulfide solution 
White precipitate of beryllium hydroxide Be(OH), appears (similarity to AP*), 
Be^ + NH, + 2H,O — Be(OH),+ + 2NH,* 
** + (NH,),S + 2H,0 — Be(OH),+ + 2NH,* + H,S? 
The us is insolube in excess of the reagent, but it readily dissolves in dil. HCI, 
tartaric acid and oxalic acid. 
(2) Sodium hydroxide solution 
White gelatinous precipitate of beryllium hydroxide appears at first. 
Ве?* + 20H- — Be(OH),+ 
The precipitate dissolves in excess of NaOH solution, due to the formation of tetrahydroxo 
beryllate complex, [Be(OH)? ], ion (similarity to AP"). 
Be(OH),+ + 20H- = [Be(OH)?] 
Precipitate of Be(OH), is soluble in 10% sodium bicarbonate solution (distinction from 
AP*), but insoluble in 1M solution of ethyl amine in which АКОН), is moderately soluble. 


Precipitation of Be(OH), does not take place in presence of citrate and tartarate due to complex 
ion of these ligand anions with Be?* ion. 
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(3) Ammonium carbonate solution — 


White precipitate of basic beryllium carbonate appears at first, and the precipitate dissolves 
in excess of the reagent (distinction from AI?*), but reappers on boiling. 

(4) Oxalic acid (or, Ammonium oxalate) solution 

No precipitation (distinction from Zr, Ce, Th salts), 

(5) Sodium thiosulfate solution 

No precipitation (distinction from AI?*). 

Confirmation 

(1) Basic beryllium acetate-chloroform test 

Take 1-2 drops of the test solution in a semi-micro test tube, add drops of (1:1) aq-NH, 
to precipitate Be(OH), completely, certrifuge and discard the centrifugate, Dissolve the 
precipitate in minimum volume of glacial acetic acid and evaporate the solution to dryness 
(inside à FUME CUPBOARD). The residue is basic beryllium acetate, BeO.3Be(C H,COO).. 
Cool the residue to room temperature, add a few drops of chloroform and shake. The precipitate 
dissolves in chloroform (distinction from AP*). This offers a means of separating Be^* from 
AP*. 

(2) Reaction of Be(OH), with morin reagent 

Reagents; (1) 0.02% solution of morin in acetone. 

(ii) Cold saturated solution of Na,EDTA,2H,O in (1:10) ag-NH, solution. 

Alkaline solution of beryllate reacts with morin reagent (1) to produce a water soluble 
compound of unknown composition [probably an adsorption compound, (2), similar to that 
formed with А 12+] is formed, which gives a yellow green fluorescence under u-v light. Sparingly 
soluble hydroxides of other metals interfere, but may be masked by complex formation with 
EDTA (3). In presence of EDTA, only Be(OH), is precipitated by ag-NH, solution, whereas, 
the other metal ions remain in solution as their EDTA complexes (4). 





Be(OH 
(2) 
HOOCCH, ~ СНСООН 
М-СН,-СН,-№ I 
HOOCCH, ^ CH,COOH 
(3) 
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Place | drop of the neutral or weakly acidic test solution on a spot plate, add 3 drops 
of EDTA reagent, one drop of 0.02% acetone solutions of morin reagent and finally one drop 
of conc. NH, solution. Filter the precipitate through a piece of drop-reaction paper and wash 
the paper consecutively with EDTA solution, water, then with a little acetone. Examine the 
filter paper under uv light. A greenish yellow fluorescing zone is visible. 

Limit of identification: 0.07y of Be 
Limit of dilution: 1:2.1 x10? 


(3) Test with quinalizarin 

Reagent: Saturated ethanolic solution, or, freshy prepared 0.05% solution of quinalizarin 
in 0.1 № NaOH solution. 

In ammoniacal or caustic alkaline medium, Be** salts react with rose violet solution of 
quinalizarin (1, 2. 5, S-tetrahvdroxy anthraquimone) (1) to produce a blue-violet precipitate 
or coluration due the formation of (2:1) Be?*: quinalizarin complexes. (2, 3). 

OH о OH 


OH 


(1) 
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Duc to the presence of phenolic-OH groups, the complexes (2, 3) dissolve in caustic alkali 
The Be^* quinalizarin complex is so stable that it is even formed when alkali beryllium fluoride 
(fluoraberyllate), [ВеР 27] ion reacts with the reagent. Although the ammoniacal solution of the 
free dye stuff 15 decolourised by oxidizing agent like Br,-water, its Be(1l) complex is resistant 
to oxidation and decolourization. І 

Aluminium, zirconium, cerium, thorium interfere by forming adsorption compounds with 
the dye stuff, and should be removed. But small amounts, of aluminium, lead, zinc and antimony 
however, donot interfere. Copper, nickel, cobalt and metals forming sparingly soluble hydrox- 
ides should be removed. Fe(III) may be masked with tartarate. Mg?* also gives a blue compound 
with quinalizarin, but unlike the Вей) — quinalizarin complex, Mg(Il) — quinalizarin complex 
is unstable in ammoniacal medium towards oxidizing agent, such as Br, — water. 

Mix one drop of the test solution with a drop of freshly prepared solution of quinalizarin 
in 0.1N NaOH solution on a spot plate. Depending upon the amount of Be?* present а blue 
colour or, a blue precipitate is produced. Compare with a blank. 

Note: For very small amount of beryllium, use an alcoholic solution of the reagent and 
add a drop of ammonia or NaOH, 

Limit of identification: 0.14 of Be. 
Limit of dilution: 1: 3.5 х 10° 


Detection of Be?* in presence of Mg** 

Reagent: 0.05% quinalizarin in 2 M ammonia solution. 

Both Ве2* and Mg?" produce blue precipitate, or, colouration with quinalizarin reagent in 
alkaline solution, but stabilities of the resulting complexes towards oxidizing agents are 
different. 

(i) In NaOH medium; Br,- water destroyes the blue coloured Be(1l) - quinalizarin complex, 
but the corresponding Mg(II) complex persists longer. 

(ii) In ammoniacal medium: The Mg(lI) quinalizarin complex is completely destroyed by 
Br,-water, whereas, the corresponding Be(ll) - complex retains its blue colour. 

Take | to 2 drops of the neutral test solution in a semi-micro test tube, add 2 drops of 
0.05% quinalizarin reagent in 2 M ammonia solution. A deep blue colouration appears. Now 
add | тї of saturated Br,-water. The original deep blue colour fades, but remains more or 
less permanently blue, depending upon the amount of beryllium present. Compare with a blank 
containing only a drop of Mg?* salt solution. The blue colour is completely discharged on 
addition of Br.-water. 

Limit of identification: 10 ү of Be in presence of 1000 ү of Mg. 

(4) Test with 4-(4-Nitrophenylazo)resorcinol (or Magneson-1) reagent 

Reagent: 0.025% solution of 4 (4-nitrophenylazo)resorcinol in 1M NaOH. 

The yellow alkaline solution of 4-(4-nitrophenylazo) resorcinol (or Magneson-l) reagent 
(1) reacts with Be(OH), to form a redish-brown lake (2). 





OH 


H4C 
О.М 4 M N=N OH n 
N MM Be(OH) 
| A 


(1) (2) 


The reagent (1) reacts with Mg(Il) salts to produce a brownish yellow precipitate, but it 
is without action on the salts and hydroxides of lanthanide elements. Aluminium and other 
alkaline earth metal ions do not interfere in the test of beryllium. Хп), Соб), МП), Cd(Il), 
Ag(l) are precipitated as hydroxides under the condition of the experiment, but they may be 
kept in solution as their cyano complexes by adding a few drops of KCN solution (CAUTION 
POISON) if they are present. 

Place a drop of the alkaline reagent solution on a drop reaction paper and add using a 
capillary tube, a small drop of the test solution at the middle of reagent spot in such a manner 
that the liquid runs slowly into the paper. Add a further drop of the reagent. In presence of 
beryllium, an orange or redish-brown fleck is formed at the centre of the spot. 

Limit of identification г 0.2y of Be 
Limit of dilution: | : 2х10°. 


8.3 Reactions of Titanium (Ti!V) 


Most stable and common oxidation state of Ti is Ti(IV) and its compounds are white 
coloured. TiO, occur naturally along with Al,O,, Fe,O, and SiO, in bauxite ore. Ti^* (d°) 
ion is colourless in aqueous solution. Ti?*(d') maybe produced by reduction of Ti* by strong 
reducing agents like Zn-amalgam., but Ti** is readily oxidized to Ti** by air. Ti** ion may 
exist only in strogly acidic solution. Ti**(ag) ion readily hydrolyzes to form titanyl (TiO?*) 
ion on lowering the acidity of the solution, finally hydrated titanium oxide, TiO, хН,О 
(amorphous) is precipitated around pH = 0-1. 

TiO?* + 20H- = TIO(OH),+ рК = 29 

Commonly available titanium compounds include: TiO,, FeTiO,, CaTiO,, Mg,TiO,, etc. 

Indication 

(1) Microcosmic salt bead test 

Form a transparent bead of microcosmic salt (NH,)NaHPO, on a platinum wire loop by 
heating the wire to dull redness and then by adhening some powdered microcosmic salt with 
it and then heating again. A colour less transparent bead of sodium metaphosphate (NaPO.) 
thus formed, dissolves in molten condition, even insoluble TiO;. 


(NH,)NaHPO, — NaPO, + NH,T + H,07 
TiO, + 2NaPO, -» NayTi(PO,), 
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Adhere a minute quantity of the powdered solid sample with the red hot bead and then 
heat the same first in the oxidizing flame and then in the reducing flame. Observe the colour 


of the bead when it is hot and then when it is cold. In presence of titanium salt, the following 
colours of the bead will be observed: 


(1) Oxidizing flame: Colourless when hot and cold, 
(п) Reducing flame: Yellow when hot and violet when cold. 
(iii) Head the bead in the reducing flame with a minute amount of stannous chloride. The 
bed readily turns violet as Sn(II) reduces Ti(IV) to ТИШ) pyrophosphate, 
2Na, Ti (PO) + Sn"Cl, — 2NaTi"P O, + Sn'VO, + 2NaCI 
(2) Borax bead test 


Titanium salts respond to borax bead test. Following colouration of the borax bead is 
observed if titanium is present: 


(0 Oxidizing flame: Yellow when hot, colourless when cold. 
Na,B,0,.10H,0 — 10H407 + B,O, + 2NaBO, 
TiO, + B,O, — Ti'YO(BO,), 
TiVO, + NaBO, — NaTi"" BO, 
(ii) Reducing flame: Grey when hot, pale violet when cold. 
2Ti'VO(BO,), + € > СО? + [(0,В), TMOTi"(BO,),) 
2NaTi'¥BO, + С ә COT + (NaTiBO,),O 
Note: Borax bead test on the reducing flame may also be performd by mixing small amount 
of (i) SnCl, and (ii) FeSO,, ог, Mohr's salt as in the microcosmic salt bead test. 
Reactions of Ti(IV) or Titanyl (TiO?*) ion in solution 


(1) Water = ig 

When an aqueous solution of Ti(IV) salt is boiled, white precipitate of metatitanic acid, 
H,TiO, [= TiO(OH),] appears and the supernatant solution becomes strongly acidic. 

Ti* + 3H,0 — TiO(OH),* + 4H* 

The precepitate of TIO(OH), is sparingly soluble in dilute mineral acids. The precipitation 
is inhibited in presence of tartarate, citrate, EDTA and NH,HF, etc. due to complexation 
(masking) of ТАТУ) with these reagents. 

(2) Basic reagents : NaOH, NH,, (NH,),S solutions Er ET s 

White gelatinous precipitate of orthotitanic acid, H ‚ПО, [or, titanium hydroxide, Ti(OH ) al 
appears when a Ti(IV) salt solution is treated with any of these reagents in the cold. Metatitanic 
acid, H,TiO, [= ТІО(ОН), | is precipitated from the hot solution: 

Ti^* + 40H" — ТОН), 
Ti(OH),8) =» TIO(OH),* + H,0 
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(3) Disodium hydrogenphosphate solution 

White precipitate of titanium monohydrogen phosphate, Ti(HPO,),, appears even in dilute 
acidic (HCl, НМО,, H,SO,) solution: 

Titt + 2HPOj^ — Ti(HPO,),4 

Note: Ti(HPO,), is sparingly soluble in water. It is precipitated even in acidic solution 
(distinction from most metals, whose phosphates are soluble in acidic medium but precipitates 
in ammoniacal medium, and similarity to zirconium), 

Confirmation 

(1) Hydrogen peroxide 

In dilute acidic (H,SO,) solution, ТИГУ) salts react with H,O, giving yellow colouration 
due to the formation of peroxodisulfatotitanic acid, (H*),[Ti(O, (SO oF) (1), or, peroxotitanic 
acid, HOO-Ti(OH). (2). 


0 —580, 1+ 
О 
1 Vn 
т + Н.О, + 2501. > | o9 7 | ЫИ ee: eee (7. 
0 — 50, 
Ті" + H,O, + ЗН,О - НООТКОН), + 497 — —- (2) 


The yellow colour is discharged by addition of soluble fluoride salts (МН,НЕ,, NH,F, NaF, 
etc) due to the formation of hexafluorotitanate (IV) ion, [TIF 2-03). But the yellow colour 
reappears on addition of a soluble beryllium salt (4) and also on digesting with boric acid 
(5). [distinction from vanadium, which gives wine-red colouration with HO; under the same 
condition] 


[T(O,XSO 3] + 6F-«2H* 2 [ПЕ] + 2503 + H0, —— — (3) 
2[TiF2-] + 3Be?* — 3[BeF?] + 2Ti** (4) 
[TiF2-] + 2H,BO, + 6H* + 2BF,T + Тї” + 6H,0 e) 


Higher stability of [BeF2-] and BF, over [TiF;-] complex due to higher covalency of 
Ве-Е and B-F bonds arising from very strong polarizing effect of very small Be?* and B(3*) 
ions as compared to Ti** ion for reactions (4) and (5) and in addition, volatility of molecular 
BF, in reaction (5) drive these reactions from left to right. 

Place 1 ml of shightly acidic (H,SO,) test solution in а semi-micro test tube and add a 
few drops of 3% H;O, solution. A yellow colour developes if titanium is present. Add a crystal 
of NH,HF,, or NH,F or NaF and shake. The yellow colour is discharged. 


512 7 
| | 











Now divide this colourless solution into two parts and perform the following tests: 
(1) Add a few drops of beryllium chloride (or sulfate) solution to one part of the colourless 
solution. The vellow colour reappears. 
(11) To another part of the colourless solution add a small amount of boric acid and slightly 
warm the mixture on a hot water bath ( Fig. 3.15). The yellow colour reappears. 
Chromate (itself is vellow), vanadate, molybdate, cerium give coloured reactions with Н.О 
and should be absent. With iron salts, Н,О, gives a violet colouration, which may be Hien 
by adding syrupy phosphoric acid. Large amount of nitrate, chloride. bromide, coloured ions 
reduce the sensitivity of the test. lodide should be removed before applying this test, since. 
iodide is oxidized to liberate iodine (or i,~) which imparts brown colouration to the solution. 
Limit of identification : 2y of Ti. 
Limit of dilution : | : 2.5«10*. 
(2) Test with Pyrocatechol (or, Catechol) 
Reagent: Freshly prepared 10% aqueous solution of pyrocatechol. 
ТТУ) salts react with pyrocatechol (1, 2-dihydroxybenzene) (1) in weakly acidic medium 
to produce a yellowish red colouration due to the formation of Ti(IV)-pyrocatechol chelate 


complex anion (2). 
Gir 
043 
(1) (2) 


The colour is not formed if large amount of mineral acid is present. Реб) should be absent 
since it also gives coloured reaction with the reagent. Number of other elements interfere with 
this reaction. Therefore, this test may be applied after separation of titanium from other metals 

Place a drop of the dilute acidic (H,SO,) test solution on a drop reaction paper impregnated 
with the pyrocatechol reagent. A more or less intense yellow-red fleck appears depending upon 
the quantity of titanium present. 

Limit of identification: 2.74 of Ti. 
Limit of dilution : 1: 1.9 x 10° 

(3) Test with Chromotropic acid (1,8-dihydroxynapthalene-3,6-disulfomic acid) 
reagent 

Reagent : 

(i) Dissolve 0.02g of chromotrope acid in 20 m/ of conc. H,SO, by warming. Use freshly 
prepared solution, since the reagent does not keep well in solution. Or, 

(ii) Mix thorughly 0.1g of disodium salt of chromotropic acid with 5 m/ of water and use 
the clear supernatant solution.The reagent does not keep in solution. Freshly prepared solution 
should be used. 











Chromotropic acid (1,8-dilydroxynapthalene-3,6-disulfonic acid (1) reacts with titanium 
(IV) salts in dilute acidic solution to produce a wine-red coloured solution. 
OH OH 


HO,S SO,H 
(1) 


In weakly acidic solution (pH = 2.5 — 5), а Ti(IV) complex, involving chelation by the 
phenolic OH groups of the ligand is possibly formed. The intense wine-red colouration probably 
arise from charge transfer transition of LMCT type. It has also been suggested that in strong 
HSO, medium, the reagent (1) is oxidized by Ti(IV) to a quinoidal form, which together with 
the unchanged reagent, coordinate the resulting ТЇП) to produce the wine-red colour. 

Place a drop of the test solution in a spot plate or on a drop-reaction paper, and add | 
drop of 5% aqueous solution of disodium salt of the reagent. A red-brown colouration of the 
solution or a red-brown fleck on the paper appears if titanium is present. 

Limit of identification : Зу of Ti. 
Limit of dilution : | 16.700. 

Fe (III) gives a green colouration and Uo; gives a brown colouration with chromotropic 
acid. These colours may be discharged by reducing Fe(III) and UO;* ions by SnCl, in НСІ 
medium. The resulting Ре) and U(IV) ions do not react with chromotropic acid. Although 
Hg^' ion produces a yellow colouration and Ар” ion forms a black stain on filter paper 
impregnated with chromotropic acid, wine-red colour due to the titanium chromotropic acid 
complex is still identifiable. In presence of Fe(III), the brown-red fleck due to the titanium 
complex appears at the centre of the green stain due to iron. 


Detection of titanium in presence of other elements 


(1) Place 2-3 drops of the test solution on a watch glass, add | drop of SnCl, solution 
in HCI (avoiding large excess) and place the watch glass with its contents on a hot water bath, 
when the precipitate balls together. Impregnate a filter paper strip with chromotropic acid reagent 
and add a drop of the supernatant liquid from the watch glass with the help of a cappilary 
tube. A wine-red fleck appears if titanium is present. 

Alternatively, place the precipitate along with the superntant liquid on a filter paper. The 
precipitate remains fixed, whereas, the solution diffuses away. Add a drop of chromotropic 
acid reagent, а red-brown circle is formed if titanium is present, 

(ii) Place | drop of the test solution in a micro crucible, add | drop of conc.H,SO,, and 
5 drops of chromotropic acid reagent. A violet colouration is produced if titanium is present. 
Compare with à blank. 

Large amounts of coloured metallic salts, nitrate and oxidizing agents interfere. 

Limit of identfication : Лу of Ti. 
Limit of dilution : | : $ х 10, 
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(4) Test with morin reagent 

Reagent. Saturated solution of morin in methanol. 

In dilute acidic (H,SO,, НСІ, HNO,) solution, Ti (IV) salts, react with light yellow alcoholic 
solution of morin (1) to produce an intense brown colouration, probably due to the formation 
of an anionic chelate complex of Ti( IV) with the reagent. The actual composition of the anionic 
complex is not known. 





Zr(IV) and Th (IV) salts react in similar manner, however, these metal ions may be removed 
by precipitation with H,PO,. Fe!!! may be rendered harmless by reducing it to Fe" by 
thioglvcolic acid or Zn/HCl. | 

Plae a drop of the acidic (~0.5N in НСІ) test solution on a drop reaction paper and add 
| drop of saturated methanolic solution of morin reagent. A yellow-brown stain is formed if 
titanium is present. Perform a blank test by taking a drop of 0.5 М HCI instead of the test 
solution on the drop reaction paper and then adding a drop of the reagent solution. 

Limit of identification: 0.01y of Ti. 
Limit of dilution: | : 5«10* 
8.4 Reactions of Zirconium (Zr'*, ZrO**) 

Zr'Y is extensively hydrolyzed in aqueous solution giving mainly zirconyl salts containing 

ZrO? radical, and rendering the aqueous solution acidic, 


ZrCl, + Н,О — ZrOCl, + 2H* + 2СГ 
ZrOCL, — ZrO?* + 2СГ 
Net reaction: ZrCl, + H,O — ZrO% + 2H* + 4СГ 
71У readily forms complex with fluoride ion. Insoluble zirconia, ZrO, dissolves in hot 
hydrofluoric acid, forming [ZrF; ] complex ion, 
ZrO, + 6HF — [ZrR;] + 29,0 + 2H* 
ZrO, dissolves in molten caustic alkali or molten sodium carbonate. The resulting zirconate 
is almost insoluble in water, as it is transformed into zirconium hydroxide precipitate. 
ZrO, + 2NaOH > Na,ZrO,+ + H,07 
Na,Zr0,(s) + ЗНО — Zr(OH),+ + 2NaOH 





Precipitated zirconium hydroxide dissolves in HCI, but it is again precipitated by ag-NH, 
solution, 
Zr(OH), + 2HCI — [ZrO] (СГ), + 3H,0 
[ZrO] (C) + 2NH, + 3H,0 + Zr(OH), + 2NH,* + 2Cr 
In presence of large excess of sulfate ion or sulfuric acid, zirconium exists as the anionic 
complex, [ZrO(SO,);"] ion, as a result, it does not responds to its usual tests. That is why, 
sulfuric acid should be avoided in preparing solutions for testing zirconium, 
Commonly available zirconium compounds are: ZrO,, ZrO(NO,),.2H,0, ZrOCI,.8H,0, 
К. [Аг]. 
Indication 
There is no charateristic preliminary test for zirconium salts. 


Reactions of Zirconium (IV), or, Zirconyl (ZrO**) ion in solution 


(1) Sodium hydroxide solution 

(i) NaOH solution in cold 

Gelatinous white precipitate zirconium hydroxide Zr(OH),, or, hydrated zirconium oxide, 
(ZrO,.xH,O) appears in the cold. The precipitate is insoluble in excess of NaOH solution 
(distinction from beryllium and aluminium), but it is soluble in dilute mineral acids (HCl, HNO,, 
avoid H,SO,). 

(ii) Hot NaOH solution 

White precipitate of ZrO(OH), appears, the precipitate is sparingly soluble in dilute mineral 
acids but soluble in concentrated mineral acids. 

Fluoride, citrate and tartarate inhibit precipitation of zirconium (IV) hydroxide by forming 
complexes with the metal ion. 


(2) Aqueous ammonia or ammonium sulfide solution 

White gelatinous precipitate of zirconium hydroxide Zr(OH), (ог, ZrO,, xH,0) appears. 
The precipitate is insoluble in excess of the reagents, but soluble in dilute mineral acids (HCI, 
HNO.. avoid H,SQ,). 

(3) Ammonium carbonate solution 

White precipitate due to basic zirconium carbonate appears. The precipitate is readily soluble 
in excess of the reagent due to the formation of Zr(IV) carbonato complex, but the precipitate 
reappears on boiling the solution. 

[ZrO?* (СГ), + (NH,),CO, + ZrOCO,4 + 2NH,' + 2Cr 


(4) Disodium hydrogenphosphate solution 

White precipitate of zirconium hydrogenphosphate, Zr(HPO,),, or, ZrO(H,PO,), appears 
even in presence of 10% H,SO, by weight and also in presence of tartarate and citrate. Only 
titanium and zircomum phosphates are precipitated under these conditions. Zirconium phosphate 
alone may be precipitated keeping titanium in solution by complexing the later as peroxotitanic 
acid by adding sufficient H,O, solution (30%) before adding the Na; HPO, solution. 
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(5) Hydrogen peroxide (H4,0,) 
(i) H,O, alone 
White precipitate of peroxozirconic acid, (HOO)Zr(OH),, appears from slightly acidic 
solutions. If the precipitate is warmed with conc.HCl, chlorine is liberated, 
(НОО) (ОН), + 4HCI — 2гО?* + 2Cl- + CIT + 4H,0 
(ii) H,O, and Na,HPO, mixture 
Precipitate of zirconium hydrogenorthophosphate, Zr(HPO,),, or, ZrO(H,PO,), is formed 
even if the solution is slightly acidic and also in the presence of citrate and tartarate. 
ZrO?* + 2NaH,PO, — ZrO(H,PO,),+ + 2Na* 
ZrO?*  2H* + 2Na,HPO, > Zr(HPO,),+ + НО + 4Na' 


(6) Saturated potassium sulfate solution 
White precipitate of potassium zirconyl sulfate K;[ZrO( SO,);] appears. The precipitate 
does not dissolve in excess of the reagent. If the reaction is carried out under boiling condition, 
white precipitate of basic zirconium sulfate (ZrOSO, or Zr(OH),SO,) appears, which 1s 
insoluble in dil.HCl (distinction from Ce and Th). 
Note: No precipitate is formed if sodium sulfate is used instead of potassium sulfate. 
(7) Oxalic acid solution 
White precipitate of zirconyl oxalate appears. The precipitate is soluble in excess of oxalic 
acid, or, ammonium oxalate, possibly due to complex formation (distinction from Th). 
ZrO?* + H,C,0, > ZrO(C,0,)+ + 2H" 
ZrO(C,0,)(s) + H,C,0, > [2r0(C,0,5] + 2H” .... ete. 


(8) Ammonium oxalate solution 
White precipitate of zirconyl oxalate, ZrO(C,0,) appears. The precipitate is soluble in 
excess of the reagent due to complex formation (distinction from Be and Al). 


ZrO** + C304^ = Zr(C,0,)4 
ZrO(C,0,)(s) + суо — [ZrO(C,0,);7] .... ete. 

Note: Neither oxalic acid nor ammonium oxalate can form any precipitate in presence of 
sulfuric acid or large excess of sulfate ion, às zirconium exists as the anionic complex, 
[Zr0(SO,)2-] ion under these conditions. 

Confirmation 


(1) Test with alizarin or alizarin-S 
Reagent ; (i) Alizarin: Saturated solution in 95% ethanol. 
(ii) Alizarin-S: 2% solution in water. 
In weakly acidic (dil. HCI) solution Zr(1V) sats react with alizarin or alizarin-S (1) to produce 
red to dark violet precipitate, which is an adsorption compound or lake (2) of the dye stuff 
with zirconium hydroxide Zr(OH),. 
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Alizarin (X = H), Alizarin-S (X = -SO, Na") 


In weakly acidic solution Zr" is exiensively hydrolyzed with precipitation of Zr(OH),, 
Zr" + 4H,0 = Zr(OH),+ + 4H* 


The hydrolytic equilibrium remains extensively right shifted due to removal of Zr(OH), 
in the form of the lake (2). The same red-violet lake results on precipitation of Zr(OH), by 
ay.NH, in presence of the reagent (1). The zirconium-alizarin lake (2) is stable in dil. HCI. 
In strong НСІ medium Zr(IV) forms a fairly stable hydrosol. 

Fluoride and sulfate ions form more stable complexes [ZrF2-] and [ZrO(SO,)5] and 
phosphate form precipitates of ZrO(H,PO,), or, Zr(HPO,), with Zr(IV). Thus Р”, sO; and 
PO; ions lower the sensitivity of this test for Zr(IV). Organic hydroxy acids, molybdate, and 
tungstate ions lower the concentration of Zr(IV) due to precipitation of the corresponding Zr(IV) 
salts 

Interference due to sulfate maybe eliminated by addition barium chloride, which precipitates 
sulfate as BaSO,. 

Zi(1V) maybe detected in presence of Ве(1), АКШ), ТІМ) and Th(IV) by the following 
procedure: 

Mix a drop of the nearly neutral test solution with a drop of the reagent solution in а 
micro crucible, or, in a small porcelain basin and heat just to boiling. Red to violet coloured 
adsorption compound is formed if Zr(IV) and other metals are present. Add a drop of 1N HCI 
solution. Only the Zr(IV) compound remains unaffected, colour/precipitate due to the other 
metals disappear in presence of НСІ. A deep red, or, violet colour, or, precipitate is formed 
if zirconium content is high. Only a red fleck appears if zirconium content is low. 


Limit of identification: 0.53 of Zr. 
Limit of dilution: 1: | x 10° 


(2) Test with p-dimethylaminoazophenylarsonic acid 

Reagent: Dissolve 0.1g of p-dimethylaminoazophenylarsonic in 100 ml of ethanol containing 
5 ml of conc. HCl. 

ТТУ) salts in acidic (HCl, HNO, avoid H,SO,) solution react with 


i 
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p-dimethylaminoazopheny! arsonic acid (1) to give a brown precipitate of Zr(IV) complex (2) 
of the reagent. 
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Sensitivity of the test is lowered in the presence of sulfate, fluoride, phosphate ions and 
organic hydroxy acids, which eitther precipitate zirconium (IV) or, form soluble complexes 
with it. Sb(V) interferes by forming a brown colouration like the Zr'" complex, but the colour 
disappears slowly within 2-3 minutes on treatment with HCI. Sb" gives a slightly coloured 
fleck, which immediately disappears on bathing the filter paper with dil.H,SO, (or HNO.). 
Th(IV) reacts similar to zirconium (IV), but the colour disappears immediately on bathing the 
filler paper with dilute mineral acids. Stannic acid also gives a brown precipitate with the 
reagent, but the precipitate is, however, not formed in high concentration of acid and very 
low concentration of tin (IV ). 

Impregnate a Whatman No. 41 filter paper strip with the reagent solution and allow to 
dry. Add a drop of the weakly acidic (HCI, HNO,, not H450,) test solution. A brown stain 
is produced if zirconium is present. Now bath the filter paper strip in 2N HCI solution at 50- 
60°C, As the unreacted reagent on the filter paper is washed away by the acid, the brown 
fleck, or, ring due to the Zr(IV) complex (2) becomes clearly visible. 

Limit of identification: 0.\y of Zr. 
Limit of dilution: 1: $ х 10° 

Titanium (IV), molybdate and tungstate also give red-brown acid-resistant flecks on filter 
paper strips impregnated with p-dimethylaminoazophenylarsonic acid (1). Interference due to 
these ions may be eliminated by treating the test solution with H,O,, thereby, transforming 
these ions into their peroxo compounds, which practically do not react with the reagent. 

Mix 2-3 drops of the test solution (which may contains Zr(IV), Ti(IV), Моо”, уо) 
with | drop of conc.HCI and a drop of 30% H,O, on a spot plate. Place a drop of this mixture 
on a Whatman No. | filter paper strip impregnated with p-dimethylaminoazophenylarsonic acid 
reagent. Now bath the filter paper strip in warm conc.HCI, when a red fleck appears at the 





middle of the moist spot and disappears soon after. If zirconium is present, a brown ring appears 
around the fleck. Stains due to molybdate and tungstate may still remain even after keeping 
the paper dipped into the acid bath for some time, since zirconium (IV) may induce 
coprecipitation of these radicals. Simultaneous formation of acid stable brown ring with a red 
centre. indicates zirconium in presence of molybdenum and tungsten. If the amounts of 
molybdenum and tungsten are very small, only the brown ring due to zirconium complex is 
visible. 

Limit of identification: 0.Sy (i) and Vy (ii) of Zr 

Limit of dilution: | : 5 х 10* (i) and | : 5x10*(ii) 

in presence of (i) 1000 times of Mo and 500 times of W and (ii) 500 times of Ti. 


(3) Test with [!-nitroso- o-napthol (or 2-nitroso-1-napthol) 

Reagent: 2% alcoholic solution of [)-nitroso-a-napthol. 

Yellow-brown coloured ethanolic solution of [--nitroso-a-napthol (or 2-nitroso-|-napthol, 
2NIN) (1) forms a red coloured precipitate of the inner metallic complex salt with Zr(IV) 
in dil.HCl medium. The red precipitate coagulutes on addition of sodium acetate. a-Nitrso- 
[B-napthol givs a greenish-yellow compound with Zr(IV). 

The complex formation of nitroso napthols (1) with metal ions probably does not involve 
depntonation of the phenolic-OH group, which possibly tautomerises with the nitroso group 
to transform the ligands into their quinoidal oxime forms (1a). The oxime (=NOH) function 
deprotonates during complex formation, producing inner metallic complexes (2). 
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| Sulfate and fluoride lower the sensitivity of the test by lowering the concentration of 

zirconium (IV) due to the formation of sulfato-and fluoro-complexes, [Zr(SO,):"] and [ZrF а 
| respectively, Interference due to sulfate may be eliminated by precipitating sulfate as BaSO, 
bY trating the test solution with BaCl, solution and fluoride can be rendered harmless by 
transforming at into [ Bek; | ton by adding Весі, solution, as [Ве] complex is more stable 
than [ZrF; | complex. 

Limit of identification : 0.2y of Zr. 

Limit of dilution: | : 2.5x10* 


8.5 Reactions of Cerium (Се!!! & Ce!) 


Cerium compounds occur in two oxidation states, Се!!! and Cel“ Се!!! compounds are in 
general white, whereas, Ce!" compounds are yellow in colour. Commonly available cerium 
compounds аге: CeO,, СеО, хН,О, Сер. Ce(NO,),.2NH,NO,, Ce(SO,),4H,0, 
Се, (50 ,);.3К,50,, Се,(50,),.3К,50, 29,0. Ce(SO,), 2(NH,), SO, 29,0 etc. CeO, is white 
when pure, hydrated oxides, СеО, хН,О, are yellow. [Ce(H,O)7*] ion is a fairly strong acid 
and it has a profound tendency to form complexes with anions of the acids in which it exists. 
As a result of this, the formal potentials of Ce!V/CI couple depends upon the nature of the 
acid medium, as shown below. 

Medium: IM HCIO, IM HNO, IM H,SO, 2M HCI 

E(Ce! Се!!!) Volt: +1.70 + 1.61 + 1.44 + 128 

Indication 

(1) Borax-bead test 

Ce compounds respond to borax bead test. 

Oxidizing flame: Dark-brown when hot and light yellow to colourless when cold. 
Reducing flame: Colourless when hot and cold. 


Reactions of Се!!! and Ce!" ions is solution 
Ce" may be obtained in solution by oxidation of Ce" by strong oxidants, viz. 
peroxodisulfate, bismuthate in HNO, medium. Се!“ is similar to Ti!” and Zr!” in its reactions. 
Ce! - phosphate is insoluble in 4N HNO, and iodate is insoluble in 6V HNO. 
(1) Ammonia or Sodium hydroxide solution 
Ce!!; White precipitate of Ce"! hydroxide, [Ce(OH),, or Се,О, хН;0] appears. The 
precipitate is insoluble in excess of the reagents. 
NH, + H,O æ NH,” + OH- 
Сез! + ЗОН" — Ce(OH),+ 
The white precipitate of Ce(OH), is eventually transformed to yellow coloured Се!“ 
hydroxide due to aerial oxidation, 
4Ce(OH) 8) + О, + 2H,O =» 4Ce(OH), (5) 
Precipitation is hindered by the presence of complex forming ions, eg. lartarate, citrate etc. 
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Ce!V: Yellow precipitate of ceric hydroxide, Ce(OH),, appears. 
Cet? + 40H- > Ce(OH),+ 
If the precipitate of Ce(OH), is warmed with hydrochloric acid, HCI ts oxidized by Ge!” 
to liberate СІ,, and Се!!! ions are formed. 
2[Ce(OH),] + 8HCI — 2Се?* + éCI- + СІ,? + 8H,O 


(2) Ammonium sulfide solution 

Се!!!; Same type of observation as with ag-NH, and NaOH solutions. 

CelV: Oxidizes S™ to milky colloidal sulfur and itself is reduced to С e( Hl hydroxide. 
2Се + (NH,),S + 6H,0 — 2Ce(OH),) + 5 + 2NH,' + 6H" 


(3) Ammonium fluoride solution 
Ce!!!; White gelatinous precipitate of Cel"! fluoride appears, which is transformed to a 
powdery mass on standing. 
Ce* + ЗЕ- > CeF,d 
CelV + Yellow colour of Ce!V solution disappears due to the formation of soluble complex, 
hexfluorocerate (IV), [СеЕ 2") ion, 
Ce + 6F- > [CeF?"] 


(4) Oxalic acid or ammonium oxalate solution 

Ce!!!; White precipitate of Ce!!! oxalate appears, The precipitate is insoluble in excess of 
the reagents (distinction. from 7т!У and Th“) and also in very dilute mineral acids. 

Ce! V: Yellow colour of Ce!” is discharged as Ce!” is reduced by oxalate ion to Ce!" ion, 
which forms white precipitate of Се!!! oxalate. 


2Се + C,01- — 2Ce* + 200,1 
2Ce* + со > Ce,(C,0,),¥ 


(5) Potassium iodate (KIO,) solution 

Ce!!! ; In neutral solution Ce!!! reacts with KIO, to produce white precipitate of Ce'"'-iodate, 
Ce(IO,),, which is soluble in HNO, (distinction from Ce"), 

Cel: White precipitate of Ce!V iodate, Ce(IO.),, appears even from conc. HNO, test solution 
(distinction from Се!"). Zr'Y and Th!V react similar to Ce'Y, Th!" iodate is precipitated even 
from 50% HNO,, whereas, Zr!" - iodate dissolves in warm HCI (distinction from Al"). 

(6) Saturated potassium sulfate solution 

Cell: White crystalline precipitate of the double salt of composition Ce,(SO,);.3K,SO0, 
separates in neutral solution. In slightly acidic solution the composition of the precipitate is 
Ce,($O,)y.2K,80,.2H,0 (distinction from AI and Be"). 

Cel": No precipitation (distinction from Ce!!! 

Cell: No reaction (distinction from Th'Y and CelV) 
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il Discharge of yellow colour of Ce** ion with separation of sulfur as Ce!V oxidizes 
5,07” ton. 
2Се'* + 5,037 + H,O - 2Ce* + soi- + 2H* + SI 
(8) Ammonium carbonate solution 
Cell: White precipitate of Ce™ carbonate, Ce,(CO,), appears from neutral solution, the 
precipitate is almost insoluble in excess of the reagent (distinction from Be?*, ZrO?* and Th**). 
The precipitate is also insoluble in sodium carbonate solution. 
(9) Tests based on oxidation of Се!!! to Ce!¥ 
Се!!!: Strong oxidants such as sodium bismuthate oxidizes colourless Ce?* ion to yellow 
Ce** ion is dil. HNO, medium in the cold. Potassium or ammonium peroxodisulfate and lead 
dioxide also oxidize Ce?* to Ce" in 8M HNO, under boiling condition. 
2Ce** + BiO," + 6H* » Bi** + 2Ce** + 3H,0 
2Ce* + 5,05 — 2Ce* + 25037 
2Ce* + PbO, + 4H* — Pb?* + 2Ce** + 2H,0 
(10) Ammoniacal silver nitrate solution 
Cel! : In neutral solution Се!!! salts or hydroxide is oxidized to yellow brown Се!“ 
hvdroxide by ammoniacal silver nitrate solution, which is reduced to finely divided black 
metallic silver. 
Ce(OH),(s) + [Ag(NH,);] + OH" =» Се(ОН), і + Agt + 2NH,T 
Place a drop of the neutral test solution in a small porcelain crucible, add one drop of 
the reagent and warm the mixture gently on a hot water bath. A black precipitate or a brown 
colouration appears. 
Limit of identification : Vy of Ce 
Limit of dilution : | : 5 x 10° 
Confirmation 
Tests based on oxidizing reactions of Се!“ 
Yellow colour of Ce** ion is discharged as it is reduced to colourless С e?* ion by reducing 
agents, such as H,S-water, SO,-water, HI, КІ, НО, and sodium thiosulfate (discussed before). 
(1) Anthranilic acid (2-hydroxybenzoic acid) reagent | 
CelV oxidizes anthranilic acid into a brown compound, Ce!!! does not react with the reagent. 
Place a drop of the slightly acidic (HNO,) test solution on à spot plate and add | drop of 
the reagent, A blackish blue precipitate first appears, which readily transforms into a soluble 


roduct and the solution turns brown. c 
Fe (Ш) inhibits the test, but may be masked with phosphoric acid. Vanadate, chromate 


also react in the same manner. Reducing agents should be absent. 


Separation of Cerium and Thorium | | 
A e metal ions are precipitated as hydroxide on treatment with a solution of ag-NH,. 
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Dissolve the precipitate in ZM НСІ and treat the solution with a few crystals of oxalic acid. 
Both cerium and thorium are precipitated as oxalates. Divide the precipitate into two parts 
and treat as follows: 

Part (i): To one part of the precipitate in a semi-micro test tube, add à buffer solution 
consisting of ammonium acetate and acetic acid. Thorium oxalate dissolves, but cerium oxalate 
remains undissolved in the residue. 

Part (ii) : To another part of the precipitate add a large excess of ammonium oxalate 
solution. Thorium oxalate dissolves through formation of soiuble oxalato complexes, whereas, 
cerium oxalate remains undissolved, Centrifuge and treat the centrifugate with НСІ. Thorium 
oxalate is reprecipitated, 

(3) Benzidine blue test 

Reagent: Dissolve 0.5 g of benzidine or its hydrochloride in 10 ml of acetic acid, then 
dilute to 100 m/ with water. 

Like many other oxidizing agents and auto oxidizable substances, Ce!’ oxidizes benzidine 
to benzidine blue(cf Sect. 4.4). Се!!! reacts in the same manner. But the test can not be applied 
if Mn, Co, Cu, Ag TI, Pb and chromate are present, since they also can transform benzidine 
to benzidine blue. This test for cerium may be applied after separating cerium as cerous fluoride 
by treating the neutral or slightly acidic test solution with hydrofluoric acid. 

Place a drop of the test solution on a drop-reaction paper. Add a drop of dil.NaOH (2M) 
solution and then a drop of benzidine reagent. A more or less deep blue colouration appears 
depending upon the quantity of cerium present. 


Limit of identification г 0.18y of Ce 
Limit of dilution : | ; 2.75х10° 

(4) Detection of cerium in presesence of iron (Ш) 

Since benzidine blue test for cerium is conducted in alkaline solution, in which iron (III), 
if present, is precipitated as brown Ее(ОН),, it interferes with the detection of cerium. When 
a mixture of Се!!! and Fe! is treated with a soluble fluoride in acidic medum, or, with 
hydrofluoric acid, Се!!! fluoride is precipitated, whereas, Ре!!! remains in solution as hexa- 
fluoroferrate (Ш) complex, [FeF2-] ion. The precipitated CeF,, on treatment with alkali, 
produces cerous hydroxide, Ce(OH),, which is transformed to ceric hydroxide, Ce(OH),, by 
aerial oxidation. Ce(OH), oxidizes benzidine to benzidine blue. 

Take | mi of the acid (dil.H,SO,) test solution (which may contain Се!!! and Ее!!!) іп а 
semi-micro test tube, add a few drops of NaOH solution (2M) until a permanent precipitate 
is formed. Add a few drops of hydrofluoric acid, boil the mixture for 2-3 minutes and centrifuge. 
Discard the centrifugate, wash the residue with water by centrifugation. Add | drop of NaOH 
solution (2M) and 1 drop of acetic acid solution of benzidine. A more or less blue colouration 
appears depending upon the amount of cerium present. 

Limit of identification: 70ү of Ce in pressme of 227 mg of Ре. 
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с) Sel with H,O,-NH, solution 
Ce and Ce" react with H,O, in presence of ag-NH, solution yielding yellow-brown 
precipitate consisting of Се!!! and Ce!” perhydroxides, Ce!!! (OOHYOH), and Ce'Y(OOH\OH) 
respectively: 
Ce + H,O, + 2NH, + 2H,0 + Ce(OOHXOH),}  2NH,* + H* 
Cest + H,0, + МН, H 3H,0 — Ce(OOH)(OH),+ + 3NH,' + H* 


The test can not be applied in presence of Fel, as brown precipitate of Fe(OH), obscures 
the detection of cerium perhydroxides, but it can be applied in presence of other rare earth 
metal ions. Ее!!! may be masked by tartarate, citrate etc., but these also lower the sensitivity 
of cerium detection. Large amounts of coloured ions interfere. 

Take 1-2 drops of the test solution in a semi-micro test tube, and 2-3 drops of 3% H,O, 
and drops of (1:1) ag-NH, until alkaline. Warm gently on a hot water bath. A yellow-brown 
precipitate or colouration appears if cerium is present. 

Limit of identification : 0.353 of Ce 
Limit of dilution : | : 143 х 10° 

(6) Molvbdenum blue test 

Reagent: Saturated solution of phosphomolybdic acid їп water. 

Phosphomolybdic acid, H,[PMo,,O,,] = (H,PO,.12MoO,.ag) oxidizes Се!!! to Cel. in 
presence of alkali according to the reaction, 

Се! + MoV! 2 CelV + Mo" 

when molybdenum blue results. Zirconium and thorium salts are indifferent toward 
phosphomolybdic acid. This test may be applied for detection of cerium in presence of other 
rare earth metals and zirconium and thorium. 

Mix | drop of the test solution with | drop of phosphomolybdic acid solution on a spot 
plate and add | drop of concentrated (— 40%) NaOH solution. A more or less blue colouration 
or a blue precipitate is formed depending upon the cerium content. 

Limit of identification : 0.52y of Ce 
Limit of dilution : | : 6.1 х 10* 


8.6 Reactions of Thorium (Th) 

Insoluble thorium oxide or thoria (ThO,) is the commonly available compound of thorium. 
Thorium nitrate, Th(NO,),.5H,0 is soluble in water. Thorium iodate, Th(10),. is precipitated 
from 50% HNO, and is an insoluble material. Basic chromate, Th(OH),CrO,.H,0 and nitrato 
complexes as, Mg[Th(NO,),].8H,O are also known. 


Indication | | 
There is no preliminary test which can be applied directly on solid thorium compounds. 


Reactions of Thorium (Th'*) ion in solution 
(1) Ag-NH,, (NH,),S or NaOH solution т: 
White precipitate of thorium hydroxide, Th(OH),. or, ThO,.xH,O appears. The precipitate 
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is insoluble in excess of the reagents, but dissolves in dilute mineral acids when freshly 
precipitated, Precipitation is inhibited in presence of citrate and tartarate due to complex 
formation. 
(2) Na,CO,, or, (NH,),CO, solution 
Initially white precipitate of basic thorium carbonate appears, which dissolves in excess 
of the reagents due to the formation of pentacarbonatothorate (IV) complex. [Th(CO,)?"] ion. 
(3) Saturated potassium sulfate solution 
White precipitate of the complex salt, potassium tetrasulfatothorate (IV), K,[Th(SO,),] 
separates out. The precipitate is insoluble in excess of the reagent, but soluble in dil.HCl and 
HNO.. 
(4) Hydrogen peroxide 
White precipitate of an association compound of thorium dioxide and hydrogen peroxide, 
ThO,.3H,0,.H,O, appears in neutral or, slightly acidic soltion. 
(5) Potassium ferrocyanide solution 
In neutral, or, faintly acidic solution, white precipitate of thorium ferrocyanide, Th[Fe(CN), |. 
separates out. 
(6) Potassium fluoride solution 
Heavy white precipitate of thorium fluoride, ThF,, appears. The precipitate is insoluble 
in excess of the reagent (distinction from Til", Zr“, А!!! and Be", offering a method of 
separation). 
(7) Potassium iodate solution 
Heavy white precipitate of thorium iodate, Th(lO,), is formed even in 50% nitric acid 
solution (distinction from Ce!!!) 
(8) Sodium thiosulfate solution 
White precipitate of thorium hydroxide and colliodal milky elemental sulfur appears with 
evolution of sulfur dioxide gas on boiling. (distinction from Ce!V). 
Th** + 25,037 + 2H,0 > Th(OH),+ + 2S4 + 250,7 
(9) Oxalic acid solution 
White precipitate of thorium oxalate, Th(C,0,),, crystallizes out (distinction from Be! and 
All"). The precipitate is insoluble in excess of the reagent and also in dilute HCI (~ 0.5M). 
(10) Ammonium oxalate 
Initially, white precipitate of thorium oxalate, Th(C,O,),, crystallizes out, but on boiling 
with a large excess of the reagent, the precipitate passes into solution, due to the formation 
of trioxalato thorate (IV) complex, [Th(C40,)?-] ion. White precipitate of thorium oxalate 
reappears on addition of hydrochloric acid (distinction from Zr'Y), 
Th'* + 2,047 — Th(C,O,),+ 
TH(C,04),(5)4 + суо = [Th(C,0,)57) 
(ТСО {7 + 2H* = H,C,0, + THC,0,),+ 
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Confirmation 
(1) m-Nitrobenzoic acid 


Reagent: Dissolve | g of m-nitrobenzoic acid in 250 ml of hot (~80°C) water, allow to 
cool overnight, filter and use the filtrate. 


| Th (IV) salts in neutral solution, on warming (~80°C) with an excess of m-nitrobenzoic 
acid (1) reagent form a white precipitate of Th-m nitrobenzoate (2) (distinction from cerium). 


COOH COOH (Th/4) 
(AYTh + © = + Н 
NO, NO, 
(1) (2) 


(2) Saturated solution of sebacic acid 
Th (IV) salts react with saturated solution of sebacic acid, HOOC-(CH,),-COOH, to 
produce a voluminous white precipitate of thoriumsebacate, Th(OOC-(CH,),COO0),, (distinction 
from cerium). 
Th** + 2HOOC-(CH,),-COOH -» Th(OOC(CH,),-COO),* + 4H" 


8.7. Reactions of Vanadium (V!V, VV) 


Athough vanadium compounds in several oxidation states (2 to *5) are known, *5 state 
is most common and most stable oxidation state of vanadium. 42 state is strongly reducing. 

Vanadium pentoxide, У,О,, is the most commonly and commercially available compound 
of vanadium. It is slightly soluble in water, but readily dissolves in strong acids and alkalies, 
producing vanadates, which are analogons to phosphates. Vanadic acid, like phosphoric acid, 
can exist in ortho, meta- and pyro-forms (H,VO,, HVO, and H,V,0, respectively), the only 
difference is that, for phosphoric acid, the ortho-form (H.PO,) is most stable, whereas, for 
vanadic acid, the meta-form (HVO,) is most stable and the ortho-vanadates are least stable. 
NH,VO,, NaVO, are commercially available. 

Isopolyvanades are formed on acidification of aqueous solutions of vanadate salts. The 
compositions of the isopolyvanadates, of course, depend upon the concentrations of both 
vandium (V) species and also of H* ion from the acid. Starting from simple ortho-vanadate 
(VO,-) ion, with rise of acidity, species like, VO,(OH)*, VO; №005. V20; and VO," 
are formed. Dioxovanadium (VO,"), i.e, vanadyl ion exists in strongly acidic solution. 

Water soluble vanadyl sulfates, VOSO,.xH;O (x = 2, 5) are commercially available. 


Pyrovanadate (V301) ion is stable in alkaline solution. It is, however, convenient to treat 
all these vanadate ions interms of meta- vanadate (VO, ) ion. Tetravalent vanadium exists as 
the cationic species, VO?* ion. У!!! exists in aqueous solution mainly as VO*, V(OH)"* ions. 
Hexaaquavanadium (HI), V(H5O)* ion exists in УШ alums, NH,V""(SO,),.12H,0. Divalent 
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vanadium compounds are strongly reducing, and air sensitive. V SO,.7H.,O is isomorphous 
with its Cr" and Fe" analogues. V(H50)7* ion exists in Turron salts, M}SO,-V"SO,.6H,0, 
where, M' = alkali metal ion, NH,* ete. 

Indications 


(1) Borax bead test 
Oxidizing flame : Yellow when hot and greenish-yellow when cold (due to vanadates). 


Reducing flame : Brownish when hot and emerald green when cold (due to У!!! borate), 

(2) Microcosmic salt bead test 

Oxidizing flame: Yellow when hot and cold. 

Reducing flame: Green when hot and cold. 

Redox Chemistry of Vanadium 

Redox properties of different vanadium oxidation states are strongly dependent upon acidity 
of the solution. Tendency of oxo species formation increases with lowering of acidity, as will 
be evident from the Latimer diagrams of vanadium in fa) strongly acidic, (b) weakly acidic 
and (cj basic solutions: 


Oxidation 
numbers +5 +4 +3 +2 () 


(a) Strongly acidic solution ([H'] = 1 M) 


vot .1000V, VO? 0337V, V% _-0255V, Уу”  -LBV, V? 
(),668V 
(b) Weakly acidic solution (pH 3.0 ~ 3.5) 
[H, V,03,]-0223V, VOOH* 048IV, VOH** -0082V, у”  -LDBV, V° 


0.602\/' 
0.374V 
-0.227N 


(c) Basic solution ([ОН] = 1M) 
VO} .219V, HV,0; .0$22V, V,O, .-0486V, VO _-082V, V 


1.366V 
0.749V 
| : 0.20V — — 

Redox transformations of vanadium species are accompanied by interesting colour changes: 
Oxidation states +5 +4 -3 +2 
Species ([H*] = iM) VO, vot УО? (ог, V) Уу? 
Colours colourless-pale yellow blue green violet 


Е 


1548]. 






© 


LA 
Ihe half-reactions for the vanadium redo 





| x couples maybe formulated form its Latimer 
diagrams, In acid medium ([H*] = 1M) the following redox couples exist: 


УУМ: _ VO + AH* +e = VOY + 2H,0 E? = 1.00 V 
(or, V(OH),* + 2H* + e = VO?* + 3H,0) 

VIVA . VO?* + 2H* + e @ V3 + H,O E? = 0.337 V 
(or, VO^* + e = VO") 

үндү. Vit +, гү? E" = -0.255 V 


(or, VOT + 2H* + e = V?* + H,0) 

It is evident from the half-reactions that the formal potenlials of V "/V!*, УУЛУ!!! and 
V'l/V!! couples are pH dependent. VV is reduced to VV by moderate reducing agents, whereas, 
V! is produced only when higher valent vanadium compounds are reduced by strong reducing 
agents. As for example: 

(i) Reduction of vanadate (VO,) to vanadyl (VO?*) ion 

In acidic solution, mild reducing agents, eg, HS, SO, oxalic acid, Fe^', hydrazine, formic 
acid, ethanol reduce colourless (or pale-yellow) solution of vanadate (VO. ) ion to blue coloured 
vanadyl (VO?*) ion. Reaction with H,S takes place with separation of colloidal sulfur but 
vanadium sulfide is not precipitated; 

2VO4- + H,S + 6H* ^ 2У0?* + S4 + 4H;O 

All these reactions are slow in the cold, but takes place rapidly on warming. 

(i) Reduction of vanadate (VO,^) to vanadyl (VO?*) to V* to У?" 

Strong reducing agents, eg, metalic zinc, cadmium, aluminium, Zn-amalgam in acid medium 
reduce colourless (or pale-yellow) vanadate (VO.") ion first to blue vanady! (VO?*) ion, which 
is subsequently reduced to green V^" ion and finally to violet V?* ion. 

Reactions of Vanadate (VvO, ) ion in solution 

(1) Ammonium chloride е 

White precipitate of ammonium metavanadate (NH, VO.) crystallizes out on addition of 
solid ammonium chloride to vanadate solution. The precipitate is sparingly soluble in 
concentrated solution of NH,CI. 

(2) Ammonium sulfide solution 

Claret red colouration appears due to the formation of thiovanadate (probably VS ) ion: 

VO," + 4(NH,),S —> VSl]- *3H,0 + 2NH,* + 6NH; | | 

On acidification, brown precipitate of vanadium pentasulfide, У, appears with evolution 
of H,S. The reaction is, however, incomplete, since the liberated H,S reduces part of the 
unchanged vanadate to vanady (VO?*) ion, giving a blue colour to the supernatant solution, 
with precipitation of sulfur. 

avs} + 6НСІ > V,S,+ + 3H,SÎ 
2VO,- + H,S/g) + 6HCI -> 2V0* + S$ + 4H,O + 6CI- 
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(3) Lead acetate solution 
Yellow precipitate of lead vanadate, Pb(VO,), appears. The precipitate turns pale yellow 
to white on standing. It is insoluble in dilute acetic acid but soluble in dilute nitric acid. 
2VO,- + РЫСН;СОО), -э РЫУО, ), + 2СН,СОО- 
(4) Barium chloride solution 
Yellow precipitate of barium vanadate appears, (distinction from phosphate and arsenate). 
The precipitate is soluble in dilute hydrochloric acid. 
2VO,- + Ba** > Ba(VO,),+ 
(5) Copper (II) sulfate solution 
Green precipitate of Cu(Il) metavanadate appears. 
IVO, + Cu?* — Сщ(УО;),+ 


A yellow precipitate is formed with pyrovanadate (V303"). 
(6) Mercurous nitrate, Hg,(NO,), solution 
Hg(I) nitrate reacts with neutral solution of vanadate to give white precipitate of Hg(l) 
vanadate: 
2VO," + Hg,(NO,), > Hg,(VO,),+ + 230; 


(7) Ammonium molybdate + Ammonium nitrate + Conc.HNO, 
(Nitromolybdate reagent) 

No precipitation with vanadate (distinction from phosphate and arsenate). 

Note: If phosphate is present with vanadate, canary yellow precipitate of ammonium 
phosphomolybdate appears, with which vanadate is coprecipitated. 

Confirmation 

(1) Hydrogen peroxide test 

In dilute sulfuric acid (—6-8N) solution vanadate reacts with hydrogen peroxide to produce 
a blood-red to red-brown (i.e, wine-red) colouration due to the formation of peroxovanadium 
sulfate (1). Dilute solution of vanadate produces a pale-brown-pink colouration. In presence 
of excess of hydrogen peroxide, the wine-red coloured peroxovanadium sulfate (1) is 
transformed to yellow coloured orthoperoxovanadic acid (2). 


VO, + 4H* + Н,0, =» [V(05)*] + 3H,O 
2[V(0,*] + 35047 — [V(O)],(SO,); (1) 


Но, 
[V(0,)],(S0,), + 69,0 «а= TO 3H,SO, + 2V(O;KOH), (2) 


The wine-red colour of the complex (1) also turns yellow on addition of alkali due to the 
formation of diperoxoothrovanadate (V) ion, [V(O)4(057]. 


[V(O,)*] + Н,0, + 60H- «&& [V(O)(0))] + 49,0 
The reaction is reversible. Wine-red colour of complex (1) reappears on acidification, 


| 550 | 








Mix a drop of the test solution and a drop of $V H,SO 4: Wait for 2-3 minutes and add 
| drop of dilute 1% HO, solution. If necessary, add one more drop of H4O.. А red to pink 
colour appears depending upon the amount of vanadium. rao 

Limit of identification: 2.5y of V 
Limit of dilution : | : 20,000 


(2) Tests based on reduction of Fe!!! by VIV 

Redox potential of V‘/V'Y couple is dependent upon pH (cf p-138) 
VO, + 4H* + e = VO?* + 2H,0 E* = 1.00 volt. 

As a result, in acid medium vanadate (VO,) ion can oxidize Fe" to Fe!!! (E° = 0.77 volt). 
VO, + 4H* + Fe?* = Fet + VO?* + 2Н,0 

or, simply. VV + Fel = Fell + үу 


But in neutral, or, alkaline medium Ре!!! is reduced by vanadyl (VO?*) ion to Fe. 

Fe! produced in the alkaline medium may be detected bv the appearance of (i) red 
colouration with 2,2"-bipyriding (Ыру) in acid medium, or, (ii) red colouration with 
dimethylelyoxime in ammoniacal medium. Formation of brown precipitate of ferric hydroxide 
may be avoided by adding sodium dihydrogenphosphate NaH;PO ,, which in acid medium keeps 
Fe!!! in solution in the form of colourless [Fe(HPO,);] complex ion, and in alkaline/ammoniacal 
medium, it forms light yellow precipitate of FePO,. NaK-tartarate or tartaric acid may also 
be used in place of NaH,PO,. 


Reagents: (1) Ferric chloridre ; 1% solution of FeCl,.H,O in dil.HCI 
(ii) 2,2" - Bipyridine : 2% solution in 0.1 M HCI 
(iii) Dimethylglvoxime : 1% solution in 95% ethanol. 
Vanadium (V) is first reduced to V(IV) by digestion with conc -HCI. 
V40, + I0HCI — 2VCI, + CLT + 5H,0 
2VO, + НСІ > 2VO?* + CLi + 6CI- + 4H,0 


The resulting vandadium (IV) is then treated with Ре!!! solution, followed by the reagent: 
(ii) or (iii). | | 
Mix | drop of the test solution with 2 drops of conc. HCl on a small porcelain basin and 
evaporate to dryness in a FUME CUPBOARD. Allow to and cool and add | drop of FeCl, 
solution in dil.HCl, 1 drop of sodium dihydrogenphosphate to mix thoroughly. Transfer the 
mixture to two adjacent cavities of a spot plate using a dropper and perform the followi ng tests. 
(i) To one of the cavities add 1-2 drops of 2,2'-bipyridine solution. A red colouration indicates 
Fe?*, which is formed as FeCl, is reduced by V(IV). vanadyl (УО) ion to Fe^* ion. 
Note: In stead of 2,2"-bipyridine, 2% solution of 1,10-phenanthnline in 0.1 M HCI may 
also be used. 
Limit of identification г 0.\y of V 
Limit of dilution : I: 5 x 10° ; 
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(11) Add 3-4 drops of dimethylglyoxime solution to the other cavity, Add a crystal of tartaric 
acid ог Na-K-tartarate and drops of 1:1 ag-NH, until ammonical. Red colouration indicates 
Ее!!, arising from reduction of FeCl, by vandium (IV) or, vanadyl (VO?*) ion. 

Thus, this is an indirect test of vanadium. 

Limit of identification : ly of V. 
Limit of dilution: V: 5 х 10° 

(3) Tannin test 

Reagent; Freshly prepared 50% solution of tannic acid in water. 

Place a drop of the neutral or acetic acid test solution of vanadate on a spot plate and 
add a few drops of 5% solution of tannic acid. An intense blue to blue-black colouration is 
produced if vanadate is present. 

Add a small crystal of ammonium acetate. A dark blue to blue-black precipitate separates 
out. 

Add drops of dilute hydrochloric acid. The precipitate dissolves and the blue-black colour 
disappears. 

(4) Test with 8-hydroxyquinoline (Oxine) 

Vanadate ton forms a brown-black compound (2) with 8-hydroxyquinoline (oxine, 1) in 
acetic acid solution and also with molten oxine (m.p. 75°C). 





(1) (2) 

Fe** and uranyl (1 039 ions form black-green and red-brown oxinates respectively. In 
the detection of vanadium by oxine test, these metal ions should be absent. These ions can 
be rendered harmless by igniting a small portion of the sample to form oxides, If the oxide 
residue 15 extracted with ammonia, only vanadium oxide dissolves as vanadate, the other oxides 
remain undissolved. 

Plae a drop of the test solution, or, a pinch («0.1 g) of the solid sample to be tested for 
vanadium in а small porcelain crucible and ignite it strongly. Cool to room temperature and 
add —0.2 — 0.3 g of solid oxine and heat gently so that the temperature is raised to 250°C. 
A brown-black melt is formed if vanadium is present. 

Limit of identification: 0.53 of V. 
Limit of dilution : 1: 1Y«10* 

Note: If molybdate, or, tungstate is present, the oxine melt should not be heated above 
120°C, since the reagent may reduce Mo"! and WV! to their lower oxides, which are intensely 
coloured (cf. molybdenum blue, cf. Sect. 8.8). 

і 
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(3) Test with a-benzoin oxime (Cupron) 

Reagent; Saturated solution of a-benzoin oxime in ethanol. 

In strongly acidic solution vanadate forms a yellow precipitate with a-benzoin oxime (1), 
due to anhydride formation between the OH group of the metallo acid with the NOH group 
(2) or with the C-OH group (3) of the reagent: 


H.C- C = М ~ ОН 


H,C,- C - N- OH | | О 
| — — | 
H,C, - CH - OH | о H,C,- CH-0- V 
H.C, - CH- OH NO 
(1) (2) (3) 


Molybdate and tungstate interfere, as they produce white precipitates of similar compo- 
sitions as vanadate with the reagent. The yellow colour of the vanadate a-benzoin oxime 
complex can even be detected in presence of white precipitates of molybdate/tungstate 
complexes with the reagent, by digesting the mixture with water. Since the vellow coloured 
solution of the vanadium complex can be poured off and separated from the white precipitates 
due to molybdate and tungstate complexes. Coloured ions obscure the test. Interference due 
to Fe?* ion maybe eliminated by complexing it by adding phosphoric acid. 

Place a drop of the test solution on a spot plate, add 2 drops of a-benzoin oxime reagent 
and one drop of dilute 3N H,SO,. A yellow precipitate, or, colouration appears if vanadate 
15 present. 

If Fe! is present, add 1 drop of H,PO, before addition of the reagent to mask the colour 
due to the iron-complex with the reagent. 

Limit of identification г \y of V 
Limit of dilution : | : 5 х 10° 


8.8 Reactions Molybdenum (Mo"!, Mo’, Mo'*, Мо!!!) 


Most stable oxidation state of molybdenum is *6. Molybdate (MoO4 ) salts and molybdic 
acid, H,MoO, (or, МоО,.хН,О) аге the most stable compounds of molybdenum (VI), although 
molybdenum compounds in lower oxidation states, *5, +4, +3 and *2 are also known. Molybdic 
acid tend to polymerise in acid medium to form isopoly molybdates, of which heptamolybdate, 


(Mo,O7 ]) and octamolybdate, [Mo,0; 1] are best known. For simplicity, molybdate (MoO; ) 
ion is used in describing its reactions. 
MoO; + Н“ = [Mo0,(OH)] 


seeerere 


7MoO]- + ВН" æ [Mo;O5,] + 4H,0 
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Such polymerisations in presence of phosphate, arsenate and silicate ions produce 
heteropoly molybdates, viz., phosphomolybdate, arsenomolybdate and silicomolybdate respec- 
tively. Most well known heteropolyanions of analytical importance are the 1:12 
heteropolymetallates, [X" MO]. where, Х”* = PY, As" and Si™; M = Mo"! and WY! 


I2MoO,(OH)- + HPO} + 11H* = [PMo,,045] + 1290 
I2MoO,(OH)" + Si(OH), + 8H" = [SiMo,,055] + 12H50 
Both isopolymolybdates and heteropolymolybdates dissociate into simple anions, eg. 
molybdate. phosphate, arsenate and silicate etc. in alkaline medium: 


[РМо, О] + 240H- > PO} + 12М001 + 12H;0 
(SiMo, O47] + 220H- — SiO} + 12MoO;" + 11H;0 


Commonly available molybdenum compounds include : MoO,, MiMoO, (M! = Na’, МН), 
(№Н),Мо,О, 49,0, ^ (NH,,Mo,O4,5H,0, Н;РМо 3040], (NH,).[PMo,50,,], 
(NH, J4[AsMo;,0,,] ete. 

Indication 


(1) Microcosmic salt bead test 
Oxidizing flame: Yellow to green when hot and colourless when cold. 


Reducing flame: Brown when hot and green when cold. 
(2) Borax bead test 
Oxidizing flame: Yellow when hot and colourless when cold, 
Reducing flame: Brown when hot and cold. 
(3) Hot concentrated sulfuric acid 
Place a grain («0.1 g) of the solid sample in a small porcelain dish or, a crucible, add 
| drop of conc.H, SO, and evaporate by gentle heating inside a FUME CUPBOARD. A blue 
mass results due to the formation of ‘molybdenum blue’. The blue colour is discharged on 
dilution with water. 
Note: Mo’! is partly transformed to molybdenum blue, which consits of Mo,9,, 
(= Mo,0,.2Mo0)). 


Reactions of Molybdate ion in solution 
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Note: Blue colouraton may be due to reducton of Mo(VI) to lower oxidation state (cf 
molybdenum blue). 


The brown precipitate of MoS, dissolves in ammonium sulfide to produce a brown solution 


containing tetrathiomolybdate (MoSj") ion. The precipitate of MoS, reappears with evolution 
of H,S on acidification of the resulting solution. 


Мо; + (№Н,),5 — Mos- + 2NH,' 
MoS; + 2H* + MoS,l + H,St 
(3) Reduction of Мо“! to lower oxidation states 
Redox potentials of molybdenum couples are of intermediate values, Consequently 
varietyies of reducing agents including Мо!!! can convert Mo"! to lower valent molybdenum 
compounds, particularly to colloidal molybdenum blue, which maybe formulated as Mo,0,, 
(= Mo,0,.2Mo0,), ог, Mo,0,,.xH,0 (= Мо,О,.6Мо0, хН,О) etc. The important molybdenum 
redox couples of relevance to aqueous solutions maybe derived from the Latimer diagrams 
of molybdenum in (i) acidic and (ii) basic solutions. 
(i) Acidic solution 


+6 +5 +4 +3 () 
H,MoO,(s).049V, [Mo;Oj*] 017V, [Mo,0,(OH,)3"} 00V, [Mo,(1-OH),(OH,)j*] 0005V, Mo 
(MoO5*) (MoO; ) 
0.089V 
-{).2 V ja -.13V 
0.1 14V 


(ii) Basic solution 


= į 
MoO? —0.780V MoO, 0.980% Mo 


a Rm 
| - 0.913V | 


The half-reactions for some important molybdenum redox couples, as derived from the 
above diagrams are the following: 


(i) In acidic solution 


Mo"/Mo*" Н,МоО, + 2H* + e æ MoO,” + 2H,0 ° = 049 V 
MoV/Mo* MoO, + 6H* + бе = Mo + 3H,0 Е° = 0.114V 
Moll/Mo? Мо?" + 3e Mo E? = -0.13V 
(ii) In alkaline solution | 
MoO?” + 4Н,О + бе æ Mo + 80H- E? = -0.913V 
MoO2- + 29,0 + 2e = MoO, + 40H- E° = -0.780V 
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Since E? values of most of the molybdenum redox couples are modest and their formal 
potentials vary with acidity of the solutions, molybdates can be reduced by varieties of reducing 
agents to lower valent molybdenum species, which may be identified by their characteristic 
tests. 

Conc. HNO,, or. aqua-regia. or conc. H5 50, 





УСІ, or HI 


Molybdenum blue 
Mo ———— — Mo мо Mo" Mo" Mo* 
N,H,.H,SO, 











(Zn+HCl), Зас НСІ 


Reducing agents such as, Zn/HCl, SnCl, in dilute hydrochloric acid medium, reduce 
molybdate ion first to molybdenum blue and then to a green and finally to a brown coloured 
Мо!!! species, the exact nature of which depends on the acid concentration and the presence 
or absence of complexing agents. 

(4) Iron (H) sulfate solution 

Molybdate solution reacts with Fe(ll) to produce a redish brown colouration, which, on 
treatment with dilute mineral acid, turns blue. The blue colour becomes paler, and more green 
on warming, but returns to blue colour on cooling (distinction from tungsten). 


(5) Ammonium (or, Potassium) thiocyanate + Stannous chloride solutions 
Regents: (1) 10% NH,SCN (or KSCN) in water. 
(ii) 5% Stannous chloride in 3M НСІ, 

Acid solution of molybdate becomes yellow coloured on addition of ammonium, or, 
potassium thyocyanate. On addition of zinc dust, or, stannous chloride, a red colouration is 
produced, as MoO;" is reduced to Mo(III), which forms soluble hexathiocyanatomolybdate 
(III) complex acid, H;[Mo(SCN),]. 

2MoOj + 22H* + 12SCN~ + 3Zn — 3Zn?* + 2H,[Mo(SCN),] + 89,0. 
Kapai + 22H* + 290 + зви" > 3Sn** + зс, + MO. 
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Mercury (II) interferes by consuming thiocyanate in the form of mercurothiocyanate complex, 
[Het SCN rg ion. Nitrite ion, if present, forms soluble nitrosyl thiocyanate, NOSCN. Tungstate 
interferes by forming blue insoluble lower oxides. However, interference due to tungsten may 
be eliminated by capillary separation technique on a filter paper. Ti, V, U salts do not interfere. 

Procedure 

Place a drop of the acidic (HCI) test solution on a Whatman No. | filter paper strip 
previously moistened with 1:1 hydrochloric acid. Allow the paper to dry. Now add a drop of 
10% solution of NH SCN (or KSCN) using a capillary tube. An intense red fleck is formed 
if Ре!!! is present. Now using a capillary dropper add | drop of SnCl, solution on the red 
fleck. SnCl, reduces Ее!!! to Ее! and the red fleck due to Fe!ll-SCN- complex disappears, but 
simultaneously a brick red fleck due to Mo"'-SCN- complex appears and moves toward the 
periphery of the paper if molybdenum is present, as SnCl, reduces MoQ; to Мо(Ш). If 
tungstate is present, it is also reduced by SnCl, to a blue precipitate of W,O.. Now using 
à capillary dropper, hold a solution of (1:1) НСІ upon the spot. The brick-red coloured ring 
of H,[Mo(SCN),} complex moves out leaving a blue spot of W,O, at the centre. 

Limit of identefication: 0.\y of Mo | 
Limit of dilution: 1: 5 x 10° 

(6) Phosphoric acid (or, Disodium hydrogenphosphate) solution 

In nitric acid medium, molybdate ion (or, molybdic acid) combines with phosphate ion 
(or phosphoric acid) to form the heteropoly acid, phosphomolybdic acid, H,[PMo,,0,,], of 
which the ammonium salt, ammonium phosphomolybdate, (NH,),[PMo,,O,,]. separates as а 
canary yellow precipitate (cf phosphate test Sect. 5.19). 

Na,HPO, + 2HNO, — H,PO, + 2Na' + 230; 
(NH,),MoO, + 2HNO, — H,MoO, + 2NH,' + 2NO. 
H,PO, + 12H,MoO, — H,[PMo,,0,,] + 12H50 
H,[PMo,,O,,] + 3NH,NO, — (NH,)s[PMo,,0,9]+ + 3HNO, 

The canary yellow precipitate of ammonium phosphomolybdate is formed in slighly warm 
solution (boiling is not required, distinction from arsenomolybdate). The precipitate is insoluble 
in tartaric acid (distinction from arsenomolybdate), but soluble in alkali, forming simple 
molybdate and phosphate ions (similarity to arsenomolybdate) (cf. Sect. 4,8) 

(7) Potassium ferrocyanide solution 

Redish brown precipipate of molybdenyl ferrocyanide appears on addition of potassium 
ferrocyanide solution to a molybdate solution in acid medium. The precipitate is readily soluble 
in dil. NaOH solution and in ag-NH, solution (difference from copper(I!) and uranyl ferrocya- 
nides), 

2Mo03* + K,[Fe(CN),] ^ (MoO,),[Fe(CN),]¥ + 4K* 
(8) Stannous chloride + 2.2'-bipyridine reagent 
Regent: (i) 0.01g of 2.2'-bipyridine in 0.5 mi of 0.1 M HCI 
(ii) 5% solution of stannous chloride in 3M.HCI. 
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Place a drop of the (dilute HCI) acidic solution of molybdate on a drop reaction paper 
and add a drop of 2,2'-bipyridine (Ыру) reagent. Allow the spot to dry. Now add a drop of 
SnCl, solution on the spot. А red colouration appears. 

In HCI medium SnCl, reduces molybdate to MoCI., which forms a soluble red coloured 


complex, [Моќ bipy);’] ion with 2,2"-bipyridine. 
Limit of identification : 0.4y of Mo. 

(9) Diphenylcarbazide reagent 

Reagent: 0.2% solution of diphenylcarbazide in 10% acetic acid. 

Place a drop of the weakly acidic solution of molybdate on a drop reaction paper and add 
a drop of diphenylcarbazide reagent. A violet colouration appears. 

The exact chemistry of this reaction is obscure. Possibly diphenylcarbazide is oxidized [о 
diphenylearbazone by molybdate and this is followed by complex formation of diphenyl 
carbazide or diphenylcarbozone or both with molybdenum species or molybdate (cf. chromate 
test Sect. 5.18). 

Limit of identification: 0.3y of Mo. 

(10) a-Benzoinoxime (or, Cupron reagent) 

Reagent: 5% solution of a-benzoin oxime in 95% ethanol. 

a-Benzoin oxime (H,Bx, 1) in dilute sulfuric acid medium quantitatively precipitates 
molybdate as a white precipitate of composition, MoO,(Bx), 

C,H, - CH - € - C,H; 
[eo Ee (1) 
OH NOH 

In ammoniacal medium Cu(ll) forms a green precipitate of Cu(Bx), but it does not interfere 
with molybdenum, which is precipitated is acid medium. Tungsten, if present, is also precipitated 
with molybdenum. Fe(II), АКШ) may be kept in solution as tartarate complexes. (cf vanadium 
tests for reactions Sect. 8.7). 

(11) Potassium ethylxanthate reagent 

Acidic (НСІ) solution of molybdate reacts with potassium ethylxanthate (1) to give a red- 
purple colouration due to the formation of a hexacoordinated dinuclear Mo(V) complex (2). 

OC Hs OC Hs 
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S"k* О == Mo — О — Мо = 0 
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With large amount of molybdenum, the compound separates as dark oily drops. 

Place a drop of the slightly acidic test solution on a spot plate and add a small crystal 
of potassium ethylxanthate and 2 drops of dilute (-2M)HCI. An intense red-violet colouration 
appears. 

This test is specific for molybdenum if fluoride and phosphate are absent. 

Limit of identification: 0.047 of Mo 
Limit of dilution: | : 2.5 х 10° 


Alternatively, impregnate a Whatman No. | filter paper strip with ZnSO, or CdSO, solution 
and allow the paper to dry. Now immerse the paper in an aqueous solution of potassium ethyl 
xanthate and dry the paper. Zn(II), or, Cd(II) xanthate is formed on the filter paper. Wash the 
paper with water and dry. Now add a drop of the test solution followed by 2 drops of dilute 
HCI solution (~2M). A red fleck or a red ring appears. 

Limit of identifiation; 0.01у of MO 

(12) Phenylhydrazine reagent 

Reagent: Mix phenylhydrazine and gacial acetic acid in 1:2 proportion. 

Acid solution of molybdate reacts with phenylhydrazine giving a pink to red colouration, 
or a, red precipitate depending upon the quantity of molybdenum present. Possibly molybdate 
oxidizes phenylhydrazine to the corresponding diazonium compound which couples with the 
excess phenylhydrazine and also forms complex with molybdenum species to give the red 
colouration. 

C,H.-NHNH, э [C,H, - N = № + 3H* + 4e 
[C,H, N = NJ” + C,H;NHNH, > C,H.N = NC,H,NHNH, + Н” 

Procedure | 

(i) Mix a drop of the test solution and а drop of the reagent on а spot plate. Depending 
upon the amount of molybdenum present, а more or less deep red colouration appears. 

Limit of identification : 0.324 of Mo 
Limit of dilution: | : 1.5 x 10° | | 

(ii) Place a drop of the reagent on a drop reaction paper and before it has soaked in the 
paper, add a drop of the test solution. After a few mimutes a red ring is formed around the 
spot. 

Limit of identification : 0.13y of Mo 
Limit of dilution: 1: 3.2 х 10° 

(13) Catalysis of reduction of methylene blue by hydrazine 

Reagent: (1) 1.2х 103% aqueous solution of methylene blue. 

(ii) Hydrazine sulfate (solid). | 

Methylene blue cation (1) is not reduced by hydrazine sulfate (N;H,.H;80,) solution pate 
at the boiling temperature. But in the presence of traces of molybdate, the reduction of — le 
blue cation (1) to the leuco compound, methylene white cation (2), takes — rapidly. | — 
(molybdate) is rapidly reduced to Mo by hydrazine sulfate (i) in acid 50 ер warming, 
The Mo” in its turn reduces (1) to (2) and it self is redoxidized to Mo" (ii), ‘is again 
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reduced by hydrazine and so on. Thus, it is an intermediate reaction catalysis, involving Mo"! 
and Mo", although molybdenum does not appear in the net chemical equation. (iii), of the 
reaction. 


H 
T A. | 
| CA S МС нос (H,C).N ‘ N(CH,), 


(1) (2) 
[Methylene blu]* + Н? + e = [Methylene White |” 
NH, — N,T + 4H* + 4e 
2МоО, + 2H" + 2e — Mo,O, + H,O 
^ 4MoO, + NH, > 2Mo,0, + N,T + 2H,0 .... (i) 
^ 4{Methylene blue]* + 2Mo,0, + 2Н,О — 4[Methylene white]* + 4MoO, .... (ii) 


- 


Net reaction: 4[Methylene blue]* + NH, — 4[Methylene white]* + КАП ^ (itt) 


UI, WM, Сг\!, Сп, VV, VIY, Fell Cull Coll. Nill salts do not interfere. Decolouraization 
of the dye is difficult to recognise in presence of coloured ions. W0; reduces methylene blue 
slowly. Tungstate, if present, may be masked as its fluoro complex, [WO,F3-] ion, by adding 
alkali fluoride, to prevent the formation of blue W,0, due to reduction of W(VI) by N4H,. 
Sulfide, if present, should be decomposed bv roasting the solid sample and molydenum should 
be extracted with alkali as molybdate. Nitrate should be decomposed by fuming with 
concentrated formic acid (Fume Cupboard) and evaporation of the ignition residue before 
addition of N H, which may be oxidized by nitric acid. 

In two semi-micro test tubes, mix four drops of 0.0012% aqueous solution of methylene 
blue with a few grains (~20-30 mg) of hydrazine sulfate. To one of the test tubes, add one 
drop of the weakly acidic test solution and to the other test tube, add equal volume of water 
in place of sample solution. Place both the test tubes on a hot water bath (Fig. 3.15). In the 
test tube containing the molybdate sample, the colour of methylene blue is discharged within 
2~3 minutes, whereas, the blank remains unchanged. 

Limit of identification: 0.0124 of MO. 
Limit of dilution: | : 4.16 x 109 

Confirmation 

(1) NH,SCN/KSCN test 

(2) SnCl, ~ 2.2'-bipyridine test 

(3) Potassium ethylxanthate test. 

(4) Catalysis of methylene blue reduction by hydrazine test. 


8.9. Reactions of Tungsten (WY & WY!) | 
Tungsten is a member of the same periodic group (Group-16) as molybdenum, and naturally 
it is chemically quite similar to molybdenum. Tungsten, like molybdenum, forms compounds 
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in a number of oxidation states ranging from +6 up to +2, of which +6 is the most stabl 
state, +5 state is also stable, +4 state is unstable, but may be Stabilized as fluoro and das 
complexes. *3 and *2 states are strongly reducing, as is evident from its Latimer diagram 
for acidic solution. Interconversion among the different oxidation states of tungsten is зуя 
using appropriate redox reagent. | 


6+ 54 44 " 
WO, —90DV улу, су, -0031У » WO; -119V »W 
- (0.09V 


Tungstic acid, WO, is a bright yellow solid, sparingly soluble water, but soluble in alkali 
and ammonia, due to the formation of tungstates of variable compositions, Alkali tungstates, 
on acidification, precipitate orthotungstic acid, WO,.H,0 (= H,WO,). Tartarate, citrate and 
oxalate inhibit the precipitation of tungstic acid due to complex formation. Like molybdenum, 
tungsten also forms isopoly-and heteropoly-anions. The most well characterised isopoly and 
heteropoly tungstates are : [H,W,O55], [W04], [H,W,,017-]; [XW,4055] (X = Р, As). 
[XW O] (X = Si, Ge), [X;W,,08] (X = Р, As). | 

It forms heteropoly anoins with phosphoric acid, silicic acid and boric acid. Silicotungstic 
acid, H,[SIW,,O,4].XH5O, is a reagent for alkaloids. Other commonly available tungsten 
compounds include: WO,.xH,O, H,WO,.2H,O, Na,WO,.2H,0, H.[PW,.O,,].xH;O, etc. 


Indication 

(1) Microcosmic salt bead test 

Oxidizing flame: Pale yellow when hot, colourless when cold. 

Reducing flame: Green when hot, blue when cold. The colour of the bead changes to blood 
red upon addition of a small amount of ferrous sulfate. 


(2) Borax bead test 
Oxidizing flame: Yellow when hot, colourless when cold. 
Reducing flame: Yellow when hot, yellowish brown when cold. 


Reactions of Tungstate (WO; ) ion in solution 


Reactions involving precipitation of tungstates/tungstic acid 


(I) Dilute hydrochloric acid 

To | drop of alkali tungstate solution in a semi-micro test tube add a few drops of (1:1) 
dil.HCl, White precipitate of hydrated orthotungstic acid, H,WO,.H,O appears in the cold. 
Boil the mixture, the colour of the precipitate changes to yellow (H,WO,). The precipitate 
is insoluble in dilute HNO,, dil.H,SO,, but not in dil. HPO, (possibly due to the formation 
of phosphotungstic acid that precipitates), Tartarate, oxalate, citrate etc., inhibit the precipitation 
of tungstic acid. It is soluble in ammonia (distinction from silicic acid, 510,.хН,0). 


(2) H,S-water 
No precipitation in acid medium. 
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(3) Ammonium sulphide solution 


No precipitation in ammoniacal medium. On acidification with dil. HCl, a brown precipitate 


(WS.) appears. The precipitate dissolves in exass of ammonium sulfide solution forming tetra 
thiotungstate ( WSj-) ion: 


WO?” + XNH,AS + 8HCI > WS,l + 6NH,' + 8CI- + 4H,0 
WS,(s) + (NH,),S > WSj7 + 2NH,' 
(4) Silver nitrate solution 


A pale yellow precipitate of silver tungstate is formed. The precipitate is soluble in ammonia 
solution, but decomposed by nitric acid, due to precipitation of white, hydrated tungstic acid. 


NaWO, + AgNO, > Ag, WO, + Nat + NO, 


Ag, WO fs) + 2HNO, + 2H,O ә H,WO,2H,04 + 2Ag’ + 2NO,. 
(5) Phosphoric acid 


To 1 mi of the acidic (HNO,) test solution add 1-2 drops of phosphoric acid and warm 


slightly. White precipitate of phosphotungstic acid (or, dodecatungstatophosphoric acid), 


|I2WOT" + H,PO, + 24H* > H,[PW,;O,,]* + 129,0, 
The precipitate is soluble in excess of the reagent and also in alkali. 


Reactions involving reduction of W(VI) 
(1) Zn-Hydrochtoric acid 


Place a drop of the test solution or a grain of the solid sample on а spot plate, mix with 
a drop of HCI. Add a minute amount of Zn-dust and stirr with a glass rod. A blue colouration 
or a precipitate appears, as W(VI) is reduced to W4O, (tungsten blue): 
2027 + Zn + 6H* > W,O, + Zn** + ЗН,0. 
(2) Stannous chloride solution 


Place a drop of the neutral or weakly acidic (HCI) test solution on a small porcelain crucible, 


add 1-2 drops of SnCl, solution. Initially a yellow precipitate (possibly of SnWO,) appears. 


Add | drop of НСІ and warm slighly. A blue colouration or a blue precipitate (due to W,0,) 
appears depending upon the amount of tungsten present. 


WO; + SnCl, > SnWO,+ + 2Cl- 
SnWO,(s) + WOj" + 6HCl > W,0,4 + 3H,O + Sn* + 6CI- 
Molydenum givies similar reaction with SnCl,, Tungsten and molybdenum may be 


differentiated by SnCl,-thiocyanate-HCl test described below. 
Confirmation 





5 


(1) SnCI,-NH,SCN-HCI test (distinction between W and Mo) 
In presence of hydrochloric acid, SnCl, reduces both tungstate and molybdate to blue 
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reduced to Мо!!! species, H4[Mo(SCN), |, which forms a red colouration. If the test is conducted 
on a filter paper strip, the red coloured Мо!!! complex diffuses out by capillary action leaving 
a blue coloured central spot due to W40O.. 

Place a drop of сопс.НСІ on a Whatman No. 1 filter paper strip and add a drop of the 
test solution at the centre of the spot. If tungstate is present a yellow stam appears. Add | 
drop of 10% NH,SCN (or KSCN) solution and then a drop of stannous chloride solution using 
capillary droppers. An intense red spot due to H.[Mo(SCN),] appears if molybdenum is present. 
Now using a capillary dropper, hold a solution of (1:1) НС! upon the red spot. The red spot 
gradually moves out or disappears leaving a blue spot due to tungsten blue. | 

Limit of identification: 4y of W. 
Limit of dilution: | : 12,500. 

(2) Test with 8-hydroxyquinoline (Oxine) 

Reagent: 5% solution of oxine in ethanol. 

When concentrated solution of alkali tungstate (ЖОГ) is treated with oxine (1) solution 
in conc. HCl, a white precipitate of tungstic acid WO,.xH,O appears. But if a neutral, ог, an 
acetic acid solution of tungstate is treated with an alcoholic solution of oxine, an orange-yellow 
precipitate of oxinium tungstate (2) appears, which is not decomposed by conc. НСІ, but 
transformed to red-brown oxine ester of pyrotungstic acid (3). Such conversion of (2) to (3) 
forms the basis of detection of small quantities of tungsten. 
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їс ас! ' alkali lution on a spot plate 
drop of neutral, or, acetic acid, or, weakly alkaline test so 
— dios s 5% alcoholic solution of oxine followed by 1-2 drops of conc.HCl. A brown 
precipitate or colouration appears depending upon the amount of tungsten present. 
Limit of identification : 15y of W 
Limit of dilution: | : 33,333 
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(3) KHSO,-H,SO, - Phenol test (Defacgz Reaction) 

When a tungstate salt in solid state is fused with KHSO, and the melt after cooling, is 
extracted with conc.H,SO, and treated with a little phenol, a red colouration is produced 
(distinction from molybdenum). If instead of phenol, hydroquinone is used, a redish violet 
colouration is produced. 

Take a grain of the solid sample (or, the residue obtained after evaporating a few drops 
of the test solution to dryness) on a porcelain crucible and mix it with —4-5 times of its bulk 
of KHSO,. Heat the mixture gently to fusion inside a FUME CUPBOARD and maintain the 
temperature until a clear melt is formed. Cool the melt, add 1-2 drops of conc. H,SO, and 
mix with a glass rod. Add a small amount of phenol and a few more drops of conc.H,SO,. 
An intense red colouration is produced if tungsten is present. 

Limit of identification: 2v of W. 

(4) Test with Fe(II) sulfate solution 

Reagent: 0.5 M solution of FeSO,.7H,O or of Mohr's salt in ~0.1 M H,SO,. 

Take 1-2 drops of the neutral, or, weakly acidic test solution in а semi-micro test tube, 
add 1-2 drops of Fe(II) sulfate solution. A brown precipitate is formed. Add a few drops of 
dil. HCI, the precipitate turns white. Heat the mixture gently. The colour changes to yellow, 


(distinction from the precipitate formed with molybdate which turns blue on treatment with 
acids), 


8.10. Reactions of Uranium (U'Y & UV) : CAUTION: Radioactive and Poisonous 

Most stable oxidation state of uranium is +6. In this oxidation state it exists both as a 
cationic species, viz. uranyl (UO$*) ion, and as an anionic species, diuranate (10,057) ion. 
Unlike its congeners, Cr", Mo! and Wl, for which isopoly anions predominate in acid medium 


and dissociate into monoanions in alkaline medium, formation of diuranate ion is favoured 
in alkaline medium, and in acid medium it is transformed to urany! cation: 


2005 +3Н,0 = U,07 + 6H" 
Aqueous solutions containing џо>* and U** ions give acidic reactions due to hydrolysis. 


Apart from UV, other oxidation states of uranium are UP, UIV and UV, as shown in its 
Latimer diagram in 1M acid medium. 


+6 +5 +4 43 +2 0 
0.27 V 
UO$* -AUY ,U0; 038V „14+ 052V „(3+ 4N , U?* —AN , t 
~ ]1.38V 
= 1.38V 


While U"! and U!V are reducing, UV readily disproportionate to U'Y and UV': 
2UV — UM + UYY 





Green coloured 7,0, is essentially a mixed valence oxide, U'YO(U}'O;) or, U'Y(U'O,),. 
UO, is a red brown coloured amphoteric oxide. It reacts with acids to give uranyl (ШО?) 
salts and with alkali it forms uranate (0057) and diurante (U,057) ions: 

UO, + 2H* = UO5* + HO 
UO, + 20Н- = UO; + H0 
2U0, + 20H- æ U,0} + H,O 


Uranyl nitrate hexahydrate, ОО, (МО, }, 69,0 is a triboluminescent solid (emissim of light 
on friction or grinding), soluble in water, alcohol and in ether. Uranyl sulfide, phosphate and 
ferrocyanide are sparingly soluble. Uranyl chhride, UO,CI,, alkali metal and ammonium 
diuranates, e.g, Na,U,0,, (NH,),U,0, respectively, are yellow solids. UY compounds are green 
and uranyl (UY!) componds are yellow. 

Indication 


(1) Borax bead test 
Oxidizing flame: Yellow when hot, pale-yellow when cold. 
Reducing flame: Green when hot, bottle-green when cold. 


(2) Microcosmic salt bead test 


Oxidizing flame: Yellow when hot, yellow-green when cold. 
Reducing flame: Green when hot and cold. 


Reactions of Uranyl (002°) ion in solution 


1. Aqueous-ammonia-Ammonium carbonate reagent 

Take a drop of the test solution in a semi-micro test tube and add a drop of ag-NH, solution. 
Yellow precipitate of ammonium diuranate is formed, which is insoluble in excess of the reagent: 

2U03* + 6NH, + 3H,0 — (NH,),U,0,+ + 4NH," 

Divide the precipitate into two parts. Add i-2 drops of saturated ammonium carbonate 
solution to one part and 1-2 drops of sodium carbonate solution (~5%) to the other part. The 
yellow precipitate dissolves in both the reagents producing yellow solution due to the formation 
of tricarbonatouranylate (VI) ion : 


(NH,),U;0,(s) + 6CO} + 3H,O — 2[UO,(CO,)] + 2NH,' + 60H 

The precipitated ammonium diuranate is also soluble in citric acid, tartaric acid and oxalic 
acid due to the formation of corresponding uranyl complexes. 

(2) Sodium hydroxide solution 

Take a drop of the test solution on a spot plate and add one drop of NaOH solution (~2M). 
Yellow precipitate of sodium diuranate (Na, U,0;) is formed. Treat the precipitate with saturated 
ammonium carbonate solution. The precipitate dissolves, forming a yellow solution (cf. reaction 
with ag-NH, discussed before). 
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(3) Ammonium sulfide solution 

Place a drop of the test solution on a spot plate and add 1-2 drops of ammonium sulfide 
solution. Brown precipitate of urany! sulfide (UO,S) appears: 

UOI* + (NH,),S — UO,S+ + 2NH,' 

Divide the precipitate in two cavities of a spot plate using a dropper. Add dil. HCI to one 
cavity and saturated ammonium carbonate to the other cavity. The precipitate dissolves in both 
the reagents: 

UO,S/s) + 2НСІ + UOs* + Н,5? + 2СІ- 
UO,S(s) + ЗСО; — [UO,(CO,)+] + S% 


(5) Sodium (or ammonium) carbonate solution 

Take a drop of the test solution in two adjacent cavities of a spot plate. Add one drop 
of dilute sodium carbonate solution (0.05 M) to one cavity and one drop of dilute ammontum 
carbonate solution to the other cavity. White precipitates of uranyl carbonate appear in both 
the cavities. 

UO?* + СОЗ — UO,CO,+ 

Now add 1-2 drops of concentrated solution (—0.5M) of Na,CO, and a suturated solution 
of ammonium carbonate in either of the two cavities. The white precipitates in both the cavities 
dissolve, producing vellow solutions of tricarbonatouranylate (VI) ion (cf. reaction (1)). 


(6) Disodium hydrogenphosphate solution 

To a drop of the test solution in a semi-micro test tube add one drop of disodium hydrogen 
phosphate solution (~0.033 M). White precipitate of uranyl hydrogenphosphate, (UO,HPO,) 
appears. The precipitate is insoluble in dilute acetic acid but soluble in dilute mineral acids 
(HCl, HNO.. H,SO,). 

05% + Na,HPO, > UO,HPO,+ + 2Na* 

If ammonium salts are present, ammonium uranyl phosphate (NH,)UO,PO, is precipitated. 
On treatment with 0.5 M sodium phosphate (Na,PO,) solution, uranyl phosphate, (UO,),(PO,), 
is precipitated, which exhibits a strong yellow fluorescence, 

(7) Potassium ferrocyanide solution (~1%) 

(a) To 1-2 drops of the neutral, or, acetic acid test solution on a spot plate, add 1-2 drops 
of potassium ferrocyanide solution. Brown precipitate of uranyl ferrocyanide, (UO,),[Fe(CN),] 
appears (similarity to copper and molybdenum): 

2U03;* + K,[Fe(CN),] > (UO, S [Fe(CN),]* * 4K* 

Divide the precipitate into two parts and place in two cavities of a spot plate and perform 
the following tests: Ер 

(i) То one part of the brown precipitate, add drops of dil.HCl. The precipitate dissolves 


(distinction from copper). 


B = - ч 





(ii) То the other part of the brown precipitate, add 1-2 drops of NaOH solution (—2M). 
The colour of the precipitate changes to yellow, as uranyl ferrocyanide is transformed to yellow 


coloured sodium diuranate (Na,U,O,), setting free ferrocyanide ion (distinction from copper 
and molybdenum): 


(UO,),[Fe(CN),] + 60H" — 0,027 + [Fe(CN +] + 3H.0. 


Alternatively, place a drop of the neutral or weakly acidic test solution on a drop reacton 
paper impregnated with 3% potassium ferrocyanide solution. A brown spot appears due to uranyl 
ferrocyanide. 


Limit of identification : 0.92y of U 
Limit of dilution : | $ x10' 

Iron, copper and molybdenum interfere, Ре!!! and Cu" may be reduced to Fe" and Си! by 
potassium iodide before addition of the ferrocyanide solution. The colour of the liberated iodine 
may be discharged by adding drops of sodium thiosulfate solution: 

2Fe?* + 21-  2Fe?* + 1, 
2Си?* + 4I > 2Culd + I, 
|, + 25,037 > 2F + 5,05" 


Reduction of Ее!!! and Си!! may also be carried out directly with sodium thiosulfate, when 
Cu! acts as a catalyst for reduction of Fe (cf p.-259, 370) 


Fedt + 28,037 2 2Fe** + 5,0 
2Cu2* + 28,07 =» 2Си* + 5,047 
(b) Test of uranium in presence of iron and copper 
Place a drop of concentrate (10%) KI solution on a drop reaction paper and allow the 
spot to dry. Add a drop of the neutral, or, weakly acidic test solution to the spot, followed 
by another drop of the KI solution for complete reduction. Allow the spot to dry and then 
add a drop of sodium thiosulfate solution (0.5 M) to discharge the iodine colour. Now add 


a drop of K,[Fe(CN),] solution to the decolourized spot. A brown ring due to uranyl ferrocyanide 
appears if uranium is present. 


(c) Test of uranium in presence of Fe(II) 

Take 1-2 drops of the test solution in a semi-micro test tube and add an excess of ammonium 
carbonate solution. If a precipitate (brown precipitate of Fe(OH);, if Fe(TH) is present) appears, 
centrifuge and discard the precipitate. If uranium is present, it remains in solution in the form 
of the carbonato complex, [ЧО СО, ){-] ion. Place one drop of the centrifugate on a drop 
reaction paper impregnated with 3% potassium ferrocyanide solution. a brown fleck results, 
Allow the paper to dry, and hold a dilute (1:1) НС! solution on the spot with the aid of a 
capillary tube. The brown colour becomes distinct at the edges of hydrochloric acid ring and 
a central Prussian blue stain may be visible if traces of iron is still present. 
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(8) Hydrogen perxide 

To a drop of the neutral or weakly acidic test solution on a spot plate, add 1-2 drops of 
3% Н.О, solution. Pale yellow precipitate of hydrated uranium peroxide, UO,(0,).2H,0, or, 
uranium tetroxide, UO,.2H,O0, appears. Add drops of a saturated solution of ammonium 
carbonate to this precipitate. The precipitate dissolves and a deep yellow solution results. The 
test is sensitive for uranium, but Ti, V and Cr interfere. 

(9) Test with 8-hydroxyquinoline (Oxinc) 

Reagents 

(i) 5% ethanolic solution of oxine. 

(11) Ammonium carbonate solution: Dissolve 2g. of ammonium carbonate in 10 т/ of 

concentrated ammonia and then dilute with 10 m/ of water. 

Urany! salts in neutral, or, in weakly alkaline solution react with 8-hydroxyquinoline (oxine, 
C,H, NOH, 1) to produce a red brown precipitate of composition, UO,(C,H,NO),.CgH,NOH, 
containing two anionic and one neutral oxine spiecies. In contrast to most metallic oxinates, 
which are inner complex phenolates, the uranium compound may be viewed as a dioxine ester 
of uranic acid, or, oxine uranate (2), rather than a uranyl oxinate. 


0 
| 
0—U-—O 
| .CH,NOH 
ON NO) 
| (2) 





Large number of metal ions which are precipitated as hydroxides in ammoniacal/alkaline 
medium and which form sparingly soluble oxinates interfere. But if the test is carried out after 
treating the test solution with an excess of ammonium carbonate solution, the test becomes 
almost specific for uranium. Because, in presence of a large excess of ammonium carbonate, 
uranium remains in solution as the carbonato complex, ОСО, $] ion, whereas, all metal 
ions forming oxinates are precipitated either as carbonate or as hydroxide by alkaline carbonate. 
Thus, uranium can he separated from other metals before testing with oxine reagent. 

Take 1-2 drops of the test solution in a semi-micro test tube and add an excess of ammonium 
carbonate reagent. Remove any precipitate at this stage by centrifuging. Place one drop of the 
clear centrifugate on a spot plate, or, on a drop reaction paper, and treat with a drop of 5% 
alcoholic solution of oxine. A red-brown precipitate or fleck appears if uranium is present. 

Limit of idntification: \0ү of U 
Limit of dilution : | + 5,000 

(10) Test with Rhodamine B 

Reagent: Prepare a 0.5% solution of benzoic acid in benzene and treat this solution with 
an excess of rhodamine B reagent and then filter, Use the filtrate, The reagent keeps well. 


i ч 





| Benzene solution of rhodamine B appears almost colourless, although, the colourless leuco 
form (1) and the red coloured quinoid form (2) of the reagent remain in equilibrium, which 
remains predominantly left shifted, In presence of acid solutions of monoprotic complex metal 
halageno acids viz, H[SbCI, ], H[TIBr,], H[AuCI,] etc. (НІХ) say) the equilibrium is shifted 
to the right and the benzene solution of the reagent becomes red colured. When exposed to 
uv light, it shows an intense orange fluorescence (cf tests for antimony, Sect. 4.9). 







N(C;H4; (H,C,J4N Q МСН ДХ] 
H'IX[ 
T 
mm COO TH") 
(1) (colourless) (2) (red) 


When colourless benzene solution of rhodamine B is shaken with neutral solutions of uranyl, 
ferric, or, bismuth nitrate (or chloride), the benzene layer turns red and also exhibits intense 
orange fluorescence when exposed to wv. light. On addition of a little benzoic acid (C, H.COOH) 
or, any other bezene soluble organic acid, the red colouration of the benzene layer is highly 
intensified, possibly due to the formation of benzene soluble urany! benzoic acid complex; 
which exists as a monoprotic complex acid, H[UO,(C,H,COO),], i.e.. НІХ], and transforms 
the leuco form (1) of rhodamine B into the quinoid form (3). 

The test can be made specific for uranium by treating the test solution with an excess of 
sodium carbonate solution, when Ее?” and Bi?* ions are precipitated as their hydroxides, but 
uranium remains in solution as its carbonato complex, [ШО„(СО.) 7] or [UO (CO, j$] ions. 
Precipitate containing Fe(OH), and Bi(OH), should to be filtered or centrifuged off. The yellow 
coloured centrifugate is to be taken in a porcelain crucible and evaporated to dryness with nitric 
acid. The resulting residue contains uranyl nitrate, which is subjected to rhodamine B test. 


2M?* + 3Na,CO, + 3H,0 — 2M(OH),! + 6Na* + 3CO,T [М = Fe, Bi] 
Џ02* + xNa,CO, > [UO,(CO,),]U* -?F + 2хМаї [x = 2. 3] 

(UO, (CO,),]U* - 2- + 2xHNO, » UO,(NO,), + xCO,T + xH,O + (2x - 2)NO, 
UO,(NO,), + 3C,H,COOH -» H'[UO4(C,H,COO);] + 2H" + 2NO, 
H'[UO4(C,H.COO);] + (1) (colourless) — (3) (red) 


2МЧС,Н) AUO C HCOOAT 








Take a drop of the neutral test solution in a semi-micro test tube add 5 drops of the reagent 
solution and shake. The benzene laver turns red or pink depending upon the quantity of uranium 
present. 

Limit of identifications: 0.05y of U 
Limit of dilution > | : | x 10° 


(11) Fluorescence test 

When irradiated with uv-radiation, uranyl salts gives a characteristic green fluorescence. 
Sprinkle a few grains of the powdered sample on one side of a moisten transparent quartz 
plate (or, a quartz cuvet of a uv- spectrophotometer) and mount the same in the cell house 
of a uv- spectrophotometer. Irradiate the sample with wv-radiation (wave length 360-200 nm) 
for a few minutes. Take out the sample plate and view the same in a dark place. A green 
fluorescence is observed if uranium is present. 

Alternatively, take —1 mi of the weakly acidic concentrated test solution in а quartz cell 
of a spectrophotometer and expose the same to wy-radiaton for some time. View the cuvet 
m a dark place, A green fluoreseence is observed if urainium is present. Intensity of the 
fluorescence 1s high in acidic solution but relatively low in basic solution. 


(12) Test with fluorescein solution 
Reagent: Shake | g of fluorescin with a mixture of 50 m? of ethanol and 50 m/ of water, 
allow to stand for a day, filter and use the clear filtrate for the tests. 
Place ! drop of the test solution on a spot plate, add | drop of fluorescein reagent solution 
and 3 drops of 5% NH,CI solution. A red colouration results if uranium is present. 


Limit of identification: 0.12 of UO;* 


(13) Test after reduction of UV! to UY 

In weakly acidic solution UY! maybe reduced to UV, which іп turn can reduce Ре!" to 
Fe! Formation of Fe! may be indicated by the appearance of red colouration on addition of 
|,10-phenanthroline solution. For detection of very smal! amount of uranium, throrium nitrate 
along with some ammonim fluoride should be added after reduction of UV! to U'Y, to precipitate 
ThF, and UF,. The combined fluoride precipitates should be subjected to the test. 


Procedure 

Stirr ~! nl of the neutral or wekly acidic test solution with a pinch of zinc dust in a small 
beaker or a porcelain crucible. A green colour appears as U (VI) is reduced to (ТУ). Collect 
the clear liquid in a centrifuge tube using a capillary dropper with the aid of a cotton filter 
(Fig. 3.19 a or b) or using an Emich filter stick (Fig. 3.21). Add 1-2 drops of throrium nitrate 
(0.1 M) and a crystal of ammonium fluoride. Stirr with a glass rod and centrifuge the precipitate 
that appears at this stage. Discard the centrifugate. Add a drop of ferric chloride solution (~0.5 


. M) followed by a drop of 1,10-phenanthnline (phen) reagent (0.1 %) solution and stirr with 
ав ass rod. А red colouration due to [Fe(phen);*] complex appears if U(IV) is presen since 


reduci s Fe?* to Fe”. 
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UO;* + Zn + 4H* + U* + Zn?* + 2H,0 
U** + 2Fe** + 2H,0 + UO?* + 2Fe?* + 4н? 





Fe** + 3phen — [Fe(phen);* 
Limit of identification г Vy of U. 
Confirmation 
(1) Ammonia-ammonium carbonate test (test-1) 
(2) Pottassium ferrocyanide test (test-7) 
(3) Rhodamine-B test (test-10) 
(4) Test with 8-hydroxyquinoline combined with ammonia-ammonium carbonate test (tests 
| and 9) 
(5) Test with FeCl,-1,10-phenanthroline after reduction to U(IV), (test-13) 
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CHAPTER - 9 


Qualitative Analysis of Unknown Inorganic 
Mixtures by Spot Reactions 





9.1 Introduction 

Spot tests are very useful in preliminary examinations. It is always advisable to carry out 
preliminary tests to obtain some general information regarding the nature of the sample before 
proceeding to systematic analysis. The observations of the spot reactions are important in 
establishing the presence, or, absence of certain substances, in making intelligent choice of 
solvents, reaction conditions ete, Spot reactions are often successfully applied directly on solid 
samples, or, to evaporation residues, insoluble residues and also to liquid samples and solutions. 


9.2 Examination of Physical Characters of the Sample 


Physical characters, such as colour, odour, texture (Le crystalline or, amorphous), hygro- 
scopic, or, deliquescent nature, colour of aqueous, acidic, or, alkaline extracts; acidity ог 
alkalinity of the aqueous extract etc. often give preliminary indications about the radicals 
present in the sample. Compare the colour of the sample or, its constituents with the list of 
colured compounds (cf Sect.,6.2). Examine the aqueous extract of the sample with litmus paper 
(better with pH paper or, Universal indicator paper) and note the acidity, or, alkalinity of the 
extract. Record all these observations and formulate preliminary inferences. 


Probables/Taferences 


Characteric colour 
(to be stated) 









Physical Characters 


(a) Solid Sample 
(1) Colour 




















Transition metals also Pb, 
As, Sb, Bi, Sn, Cd etc. 





















(п) Odour Smells NH. 
Smells H,S 
(iii) Texture Crystalline Metal salts, NH,” salts 


Amorphous Meta! oxides, silicates, borates 


phosphates, carbonates etc. 










(b) Aqueous extract 
(1) Acidity or alkalinity 





Hydrolysed metal salts, NH,* 

salts, acid salts; H;PO,", HF, 
HSO,. 

Soluble COT, HPO], PO} > 
metal oxides, | 












Alkaline 
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Physical Characters —— 


b(1) (Contd.) 


Neutral 


Probables/Inferences 


Alkali, alkaline earth metal 
salts with strong acids. 










































(и) Colour Coloured 


Blue/green 


Mostly transition metal ions. 
Cu?*, Ni?*, Crt, Fe?*, (VIV 


Purple/pink Co^, MnO,, 





Yellow/orange COE: CrO3- Fet, 


( UO$* Ce**)* 

(BrO.^ + Вг), (10,7 + 17) etc. 
with acidic ingradient. 

(Fe?* + SCN7), (Mo?* + SCN^)* 






Yellow/brown 










Red 


9.3 Preliminary Tests Directly on the Solid Sample 


Perform the tests with à minute quantity of the sample and record only the actual 
observations. 


Experiments/ Observations Probables/ 
Reagents Inferences 
Ignition test (a) Sublimation NH,', Hg, As. 
(Cf Sect. 6.3 for | (b) Colour change Transition metal 


details) Pb. Zn, 5n 
Na*, K*, Ме” 

















(c) Melting 






(d) Evolution of coloured 
gas with characteristic 
odours: 

(i) brown vapour 

(п) violet vapour 

(iii) smells NH, 









substance 
| S?- + acidic 
substance 


5057, 5,07 





(iv) smells H,S 


(v) smell of burning S 





*Rare elements 


1873] 










Experimenis/ - Observations Probables/ 
Reagents | inferences 
— Double blue gias 


(cf. Sect. 6.5) Golden yellow Colourless 




































Violet Red/Crimson 

Brick red Light green 

Crimson Purple Sr 
Yellowish-green Bluish-green Ba, Mo* 
Green Cu, Borate 













































































3. | Borax bead test Bead colour in oxidizing flame (O.F.), 
(cf Sect 6.6) reducing flame (R.F.) in hot (h) and 
cold (c) conditions. (record the actual 
observations only). 
(a) Common Green (h), Colourless (h). 
elements blue (c) opaque red (c) 
(п) Yellow-brown (h)| Bottle green 
yellow (c) (h & c) 
(iii) Yellow (h), Green (h & c) 
green (c) 
(iv) Blue (h & c) Blue (h & c) 
(v) Violet (h), Colourless (h & c) 
amythist (c) 
(vi) Violet (h), Grey (h & c) 
redish brown (c) 
(b) Rare elements | (vii) Yellow (h) Yellow (h) 
colourless (c) yellow-brown (c) 
(vim) Yellow (h) Green (h) 
pale yellow (c) Bottle green (c) 
(ix) Yellow (h) Brownish (h) 
greenish yellow (c)  Emarald-green (c) 
(x) Yellow (h) Grey (h) 
colourless (c) Pale violet (c) 
(xi) Orange-red (h) Colourless 
colourless (c) (h & c) 
*Rare elements 
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Experiments/ rvati Probables/ - 
Reagents Inferences 










Microcosmic salt 
bead test 
(cf. Sect 6.7) — 


(a) Common 


(b) Rare elements 


(a) Oxidative fusio 


(b) Aqueous extract 


(i) Acetic acid + 


(ii) HNO, + NaBiO, 












Colour of the bead in oxidizing flame 
(O.F.), reducing flame (R.F.) under hot 
(h) and cold (c) conditions (record the 
actual observations only). 






























(1) Green (h) 





Colourless (h) 





clements blue (c) red (c) 
(п) Yellow-redish Yellow (h) 
brown (h) Colourless to 














yellow (c) green (c) 
(її) Green (h & c) Green (h & c) 
(iv) Blue (h & c) Blue (h & c) 





(v) Violet (h & c) 
(vi) Brown (h & c) 


Colourless (h&c) 
Grey (c) 

























(vii) Yellow (h & c) | Green (с) 





















| (viii) Yellow (h) green (h & c) U 
yellow-green (c) 
(ix) Pale yellow (h) Green (h) W 
colourless (c) Blue (c) 
(x) Colourless (h&c)| Yellow (h) Ti 


violet (c) 








The colour of the fused mass after 

solidification : 
(i) Yellow 
(ii) Green 








lest: 
Sample + Fusion 
mixture + KNO, 
heated to fusion 
(cf Sect. 6.8) 













of fused mass (a) 
treated with: 








Yellow precipitate (PbCrO,) 
Pb-acetate 








Pink colouration (MnO, ) 
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Stable sodium 
stannite solution 
added to the solid 
sample or, its 
ag-suspention, or 
adg-solution. 


















Ag-NH, solution 
added to solid 
sample or its ag- 
suspension/aq-solutio 
(other than black 
coloured sample) 


(i) Bleaching $- | 
(ii) Blackening/darkening Mn, Co, Ni, Ее, Cu 


Blackening 


Immediate blackening 






















* > 





! 
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Conc.H4SO, * heat} Evolution of gases: 

(i) Oily bubbles sticking to the wall of | HF, SiF, from 
test tube, turning water drop opaque. | F^, HF, 

(п) White vapour, turns blue litmus paper] НСІ from СЇ 
red, forms dense white fumes with NH, 

(їн) Brown vapour, turns starch-todide 
paper blue. 

(iv) Violet vapour 

















Br, from Вг", NO, 
from NO.', NO, 


I, from l 


NO, from NO,', 
NO, 


Ci, from СГ 







Conc.H,SO, + Brown vapour 
Cu = T + heat 


Conc-H,SO, + 
MnO, + heat 








(i) Greenish yellow gas, turning starch- 
iodide paper blue. 

(n) Brown vapour, turning starch iodide 
paper blue, 

(ni) Violet vapour 


Br, from Br 







l, from [7 


CrO,CI, from СГ 





Yellow brwon vapour, turns NaOH 
solution yellow, which on acidification 

with acetic acid forms yellow precipitate 
with lead acetate solution. 


Conc.H,SO, + 
KCrO, + heat 
(chromyl chloride 
test for chloride) 
(cf. Sect. 6.12) 


Conc.H,SO, + KCI] Same observation as test-17 
* heat (chromyl 


chloride test. for 
chromate, dichromate 
























CrO.CL, from 
сто; - è CrO} E 








Dense white vapour, turns water drop SiF, from 51027, 


on Pt-loop opaque 


Conc.H,SO, + CaF, 
(in Pb-crucible) + | 
heat (cf. Sect. 6.18) 






SI 
No, 


„| (NaOH + Zn/AIY. | Smell of NH,, turning 
heat (1) moist phenolpthalin paper red, NH, from NH Ms 
the red colour is discharged on drying | МО, NO,- 
the paper. 
(ii) Nessler’s reagent paper brown. 
(iii) MnSO,-Ag,SO, paper black. 
(iv) Hg,(NO,), paper black. 


‚| NaOH/heat Same as test-22 NH. from NH T 


l-KI-NaN, solution| (i) Discharge of 1, colour with evolution Se 5,057, SCN- 
(Catalysis of iodine- of colourless odourless gas (N,) 


azide reaction), (и) Discharge of |, colour without gas Reducing agents 
evolution. 
(iii) Evolution of gas without discharge Oxidizing agents 
of |, colour. 





In the above tests, record only the actual observations and formulate inference accordingly. 
Search for the readicals carefully which are indicated from these preliminary tests. Clearly 
record the experiments, observations and inferences for the positive tests only. For the negative 
tests, record the clause "no characteristic observation" in the observation column and the 
word, “inconclusive” in the inference column. 


9.4. Tests with Aqueous Suspension of the Sample 

These test may be carried out on the spot plate, filter paper strips, or, in semi-micro test 
tubes, or, in semi-micro centrifuge tubes as required for a particular test. Record only the actual 
observations and inferences, 

Note: These tests may give preliminary indications about the radicals present. 


а. Experiments/Reagents Probables/Inferences 


Colour of uq-extract (i) Yellow-orange CrO, СО; Fe” (Ce, 
UO; )* 
Co**(ag), MnO. 
Cr*(ag), Ni?*(ag), Fe**(aq) 
[VO"*(aq)). 
Cu?* (ag), [VO"(aq)]* 























(Perform individual tests 
based on the colour of 
aq-extract) 







(ii) Pink/purple 
(iii) Green 






| | (iv) Blue 
| *Rare elements 
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T'indkcator paper/pH-paper/ 
litmus paper 


(i) Acidic 







H,BO,, HF,", NH,*, HSO; 
H,PO,'. hydrolyzed salts 
of Hg, Fe?*, АР“, Cr? 
(Ti**, Zr, Сену 
Anions of weak acids: 
COT. 8027, НРО”, 
free bases: РОЈ”, ОН”, OA, 







(ii) Alkaline 





Ni" (DMGH);-equilibrium 
solution 


Red precipitate of | Basic/alkaline 
Ni(DMGH), AsO}, СОЗ, COL", POT, 
(soluble/insoluble) 


Hgj*, Ар”, Pb? 





Dilute HCI (i) Formation of white 
precipitate 

(ii) Appearancs of 
brown colour 

(iii) Appearances of dark 
brown colour or, dar 
violet precipitate. 

(iv) Formation of yellow/ 
orange precipitate 
from alkaline aq- 
extract. The precipitate 
dissolves in alkali 
carbonate or vellow 
(NH,),5, solution. 













Br + oxidant (Br + BrO.) 


Il + lO; (or other oxidants) 


Sulfides of As, Sb, Sn 
(Group-IIB ) 



















(сў Sect. 7.8) 
(Fe'-salt- NH,SCN) | Red colouration | Oxidants for Ре" > Fe" 
dil. HCI [Fe!"'(SCN)**] 


(Note: If Fe! is absent) 


(I,-Kl-starch) + dil.acetic 
acid (blue solution) 







| Discharge of blue Reductants for 1, — 2I 
colour 


(NaN, + 1, + KI + starch)| (i) Decolourization СМ, S051, S^ 
blue solution | — with gas evolution 
(jodine-azide test) (ii) Only decolourization| Reductants 
| (iii) Only gas evolution | Oxidants 











: 
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— 
Experiments/Reagents Probables/Inferences 
(Ag'-ferrocyanide + Blue colouration or Cl BC. E 
Felll-sul latey/dil.H, SO, precipitate 


Appearance of 

(i) white to yellow Cr, Br, Г, СМ", 10,, 
precipitate | 

(и) Black precipitate ©2- 

(iii) Yellow precipetate, | 5,057 
turning brown to 
black. 


(iv) Orange red [Fe(CNY] 
precipitate soluble 
in NH,. 


* 1 y 208 


13. | Stable sodium stannite Blackening Ag, Hg, Bi 
solution 
H.,S-water/dil. HCI Appearance of coloured | H,S group metals 
precipitate 





NaOH + Na-nitroprusside 
solution 





HNO, + AgNO, 


15. 






. Metals of Group-l, ПА, IHIB, . 
Fell, Cr, 





(NH,),S solution 
Note: Perform individual 
tests with the precipitate 
(cf. Sect 7.8) 


| 16. | HO, + NaOH Mn, Fe, Co, Ni, Cu 
H,0, + HCI Bleaching PbO,, MnO,, S% 
тен + “А Он" — Min, Ре, Со, М, С 
| (Al-foil or Davardas alloy | Evolution of NH, gas. | NH,*, NO,", NO," 
or Zn-dust + NaOHyboil | Test with (i) НСІ, 
(i) Phenolphthalin paper, 
| (iii) Nessler's reagent 


Coloured precipitate 














20, | маонљой | as test - 19 





MIC — Experiments/Reagents Probables/Inferences 
21. | Conc.HC eer Deep green colouration Co, Cr 
— blue colouration V* 


— solution (i) Deep blue Cu, Ni, 


colouration 
24. 



























| — 
Нр; 

Inconclusive 

Insoluble Ag salts* 


(и) Blackening 






(111) Precipitation 
(iv) Complete 
dissolution 


Conl. HNO, + NaBiO,/heat | Purple colouration (MnO;) | 


Tests for NO: and NO, in| 
mixture: (cf Sects. 5.3, 5.4 
(1) Sulfanilic acid + 

a-nathylamine. 

(н) If a red colouration 
appears, decompose 
nitrite by boiling with 
urea/sulfamic acid etc. 
and perform the above 
test. 


Red colouration NO,- 


No red colouration NO, absent (i.e. removed) 


(11) Now add a pinch Red colouration 


of Zn-dust and stirr. 
25. | DILHCI + FeCl, solution 





SCN” 
[Fe(CN 4] 
* 










(1) Red colouration 
(н) Blue colouration 

(iii) Brown colouration 
or iin ans 


ТАГАЗ, + FeSO, solution 
Fe 


27. | Dil HCI + NH, EN | (i) Red colouration, 
discharged on addition 
of SnCl, solution. 

(ii) Initially no red 

colouration, but red 

colouration appears 
on addition of SnCl, 
solution, 














4 Except AgBr. Agl. *Rare elements 


‚| Saturated K,SO, solution/ | White precipitate Pb**, Ba?*, Sr% 
boiled (also Th**, Zr*** 


Gr I to IV & Ме?” 
acid + sulfuric acid (POS) | (п) No precipitate May be Na', K^ 


reagent + NH, until 
alkaline. 
‚| Titan yellow test for Mg?* | Red colouration or 
if the test 29 is negative | precipitate 
(cf. Sect. 4.21) 


. | NaClO, or, HCIO, | White crystalline 
solution precipitate 


. | Sodium cobaltinitrite test. | Crystalline yellow 
precipitate 





9.5 Scheme for Preparation of Solutions for Wet Tests 
Sample 





H,O/boil NaOH + H,OVboil (Na,CO,*H,O)hboil 









Extract Extract 
Solution Residue E F 
^  HCl/boil May contain: —— Amons 
- AIO, Ы ZnO; , РБО; 
| As( VAI), ЅЪСУЛШ), 
Solution Residue Sn ПУЛЇ), BO}, Sio! 
(HCH-HNO,/ (also VO, . MoO?", МО?) * 
boil 
Solution Residue 
D 
(1) Evaporate Insolubles | 
_ to dryness White (PbSO,, BaSO,, SrSO,, Al,O,, SiO,. SnO,) CaF;. 
(и) oris (Mg. Ca, Al) silicates, [also, ВеО, CeO,, ТІО,, ZrO), 
ela iad ThO,. (Zr, Ti) phosphates. }* 
Solution Red (Fe,O,). Green (Cr,O,), Yellow (PbCrO,), Grey (CaF) 
C Pale yellow (Ag-halides) 





oe. nee 








9.6 Detection of Anions Radicals in the Na,CO,-Extract (F) 


Prepare the neutralized Na CO ,-extract as described earlier (cf Sect 7.3) and proceed as 
follows. 

Take -5 ml of the neutralized Na,CO, extract in a small beaker add drops of a concentrated 
solution of Zn(NO,),. If a precipitate appears, add more Zn(NO,), solution until precipitation 
is complete. Warm the mixture gently for 2-3 minutes, filter. 


| 


Precipitate (X) Filtrate (Y) 
I. Wash with a little hot-water while still 1. Test for anion radicals following 
on the filter paper scheme-2 (below) 


to 


Directly test for anion radicals using the 
washed precipitate following scheme-| 
(below) 


Scheme-1: 


Tests for anion radicals in the precipitate-X 
Perform the following tests directly with the precipitate (X) on a spot plate or on a filter 
paper strip or in a semi-micro test tube as required (cf Sect. 7.3); Record the experiments, 


actual observations and inferences accordingly. 
Probables/ 
Inferences 
$2- 


Experiments/ Observations 
Reagents | Precipitation/colouration/spot 
Yellow $2- 
Dil.H,SO, + FeSO, (ог 
Gutzeit test (cf. Sect. 4.8) Blackening of AgNO, paper | AsO}, AsO} 
by the issuing gas 
(a) Quinalizarin test in Violet to blue BO}, H,BO, 


presence of conc.H,S0,. 
(cf. Sect. 5.20) 



















(a) Acetic acid + lead acetate | Black 
(b) Acetic acid + CdSO, 
$2 
[Fe(CN] 
Mohr's salt) solution 
DILHCI + FeCl, 








solution 
(c) Na-nitroprusside + NaOH | Violet 
Ammonium molybdate + HNO, po} 
+ benzidine + NH, - acetate 









Experiments/ Observations Probables/ 
Reagents Colouration/spot Inferences 
(b) (Curcuma-HCl) 
(cf Sect. 5.20) 











Bluish green colour appears, 
| colour diappears on adding 
NaOH solution. 











BaCl, + HCI + Zirconium - 
Alizaris-S solution 


| Change of colour from red 
to yellow 





Scheme -2: 


Tests for anion radicals in filtrate-Y 


Perform the following tests with the filtrate (Y) on a spot plate, or on a filter paper strip 
or in a semi-micro test tube as required. 














Experiments/ Observations Probables/ 
Reagents Colouration/precipitation/spot inferences 


Yellow Cro} 


Crog- 


(a) Colour 


(b) Acetic acid + Lead acetate | Yellow precipitate 


Diphenylcarbazide 


(b) Dil.H,SO, + Н,0,(6%) 
+ ether 


Violet colouration со i Cno- 


[Mo0}-]* 


Blue etherial layer CrO; .C О?” 


(a) DILHNO, + dil.KMnO, 
+Ba(NO,), solution, centrifuge 


Pink coloured precipitate. 











Add a few crystals of oxalic 
acid 


Pink colour of supernatant 
solution is discharged,but the 
precipitate remains pink coloured 


(b) Red coloured Decolourization of red flecks 


Ba-rhodizonate suspension 
on а spot paper + solution- Y. 


Fuchsin-bisulfite solution Blue-violet colouration | Bro 


(spot plate) + Cl -water 
НСІ+ҒеСІ, solution 
1,-Kl-starch blue solution 
(on spot plate) 


SCN- 
s?- Sol" $07 | 
SOT 


Intense red colouration 


Dicharge of blue colour 
(i) Decolourised solution tests 
acidic to blue litmus. - 






H * 


(ii) Decolourised solution tests 
neutral to litmus (blue remains 
blue, red remains red). 





Catalysis of iodine-azide 
reaction. 


(i) Discharge of blue colour 
with effervescence 










Reductant 





(ii) Only discharge of blue 

colour, without effervesence 
(iii) Only effervescence without 
discharge of blue colour 










Oxidant 



















PbCO,/Sr(NO,),/AgNO, test 
(cf. Sect. 5.8) 


HNO, + AgNO, solution 


Brown to black colouration 
and or precipitation, 













(1) Curdy white precipitate, 
dissolves in dil. NH, solution, 
but reappears on acidificatior 
with dil HNO,. 

(ii) Pale yellow precipitate, 
insoluble in dil.NH, but 

| soluble in conc.NH,. 

(iii) Yellow precipitate insoluble| Г 
even in conc. NH.. 









CAUTION: Discard the 
ammoniacal solution of silver 
nitrate into the wash basin 

immediately after test to aviod 
explosion. (cf. Sect. 5.11) 




























Halides: 
Cih. Br. r 
As in test - (9) 


(a) Ag-ferrocyanide suspension | Blue colouration 


+Fe(NO,), solution+dil. HNO 
(b) Perform individual test as 
in test (9) 


Solution-Y + a-napthylanine (i) Red colouration NO; 
* sulfanilic acid. (ii) No red colouration NO, -absent 


If test-11 is positive: 
Remove NO,~ completely by 
boiling the solution -Y with 
urea/sulfamic acid/ NH,CI, 
(a) Perform 051-11 with the 
resulting solution. 


(b) Add a pinch of Zn-dust 










As in test (9) 

















(i) No red colouration 


NO," absent 
(i.e, removed) 


NO,” present 


(ii) Red colouration 








9.7 Wet Test Scheme for Detection of Cation Radicals 


(a) With solutions A/B/C 
Before proceeding to carry out wet tests for cations, it is desirable to see whether the test 
solution at all contains any dissolved material. This may be easily ensured by evaporating a 
drop of the test solution to dryness by gentle warming in a clean test tube or in a porcelain 
basin. If no residue is left, the test solution does not contain any dissoved salt. If a residue 
is left, the test solution contains some dissolved salts(s). Now, whether the dissoved salts are 
of the cations other than the alkali metal ions (Na*, K*) and NH,', that may be ensured by 
treating the test solution with (1) H,S -water, (11) mixture of phosphoric acid, oxalic acid and 
sulfuric acid (POS-ragent) rendered ammoniacal. If any precipitate is formed with these two 
reagents, some cation(s) other than №“, К? and NH,” ions must be present. If no precipitate 
is formed with these reagents, the solution should be tested for Na*, K* and NH,” ions only. 
The procedure is schematically shown below, 
Solution 
A/B/C 
Step-1 








Evaporate Divide into 
to dryness 2-parts 
Step-J 





No Residue left Residue left 





Discard Follow Step-2 Part- | Part-2 
H,S-water |. "POS" reagent 
(H,PO j*H,C,0,* 
E H480,) 
Precipitate No Precipitate 2. Conc. NH, 


Search for H,S-Group Follow Step-4 
metals (cf. Sect. 7.8) 





Precipitate No Precipitate 
Search for cations by Search for 
(i) Group tests Na’, К°, МН; 
(cf. Sect. 7.8) by individual tests. 
(ii) Individual tests (cf. Sect. 4.22-4.24) 
(cf. Sect. 9.7) 


Wet tests for cations in solutions A/B/C 


Systematic Group-analysis for wet tests for cations have already been discussed before (cf. 
Sect.-7.8). These will not be repeated here. Individual semi-micro tests for cations are summa- 
rized below in experiment-observation - inference format. These tests may be carried out in semi- 
micro test tubes, on spot plates and on spot reaction papers (Whatman No. | filter paper strips) 
as required for a particular test, as describd in for individual cation radicals (Ch - 4). 





1586 | 
p" ч . 















Coloured 
(i) Blue-green 
(it) Yellow-orange 






Transition metals 
Cu, Cr, Co, Ni, Fe 
Fe!!l. Cr. (UV. Cel" 
Co, Cr 

FetIll) 

Cu, Ni 

Fetlll) 

НЕП) 








(1) Intense blue 
(и) Brown precipitate 
(itt) Blackening 


NH,SCN test (1) Red 
(n) Blue 


K,[Fe(CN),] test 
(i) НСІ medium 
(n) Acetic acid medium 


| KK[Fe(CN), HCI 


7. | 1,10-phenanthroline 
(If test 6 is positive) 

















Intense blue 
Chacolate/brown 









Diphenylcarbazide test 
(cf. Sect. 4.13, 5.18 and 8.8) 


DMGH,-tartaric acid-NH, Red precipitate NI 


a-Nitroso-[»-napthol test Red precipitate Co 
(cf. Sect 4.14) 


NaBiO, + HNO, /warm Pink colouration appears, 





















discharged by oxialic acid 
(a) H,S-water/HCl, ог, Black | Cu, Hg, Pb, Ag 
ZnS-paper Brownis-black | Bi 
Yellow-orange Cd, As, Sb, Sn 


Cu, Ag, Pb, Не, 





(b) (NH), S-solution Coloured precipitate 


Bi, Co, Ni, Mn 


Gutzeit y lest: Blackening of AgNO, paper |As 
by the issuing gas 







Solution + Zn + HCl/heat 
(cf. Sect 4.8) 





: 
$ 












Observations Inferences/ 
Colouration/precipitation/spot Probables 


Blue -violet coluration 





15. Rhodamine-B test in conc. 
HCl. after oxidation with 
NaNO, (cf Sect. 4.9) 





Sn 


(Ammonium phospho 
| molybdate-benzidine- 
| ammonium acetate) test - after 
reduction with (Zn-HCl)or, 

(Al-HCl) (cf. Sect, 4.10) 
. | [Fe(bipyridine), |l, 
| ammoniacal solution 
(cf. Sect 4.7) 


















- test in 








Ked spot/ring 

















Saturated E 
ог (NH,),50,) solution 


White precipitate 
Note: Apply flame test with the 
| precipitate. (cf Sect. 4.4, 4.8, 4.19) 


‚| K,CrO,-acetic acid (after | Yellow precipitate Ba, Pb 
neutratization with ag-NH.) 
Pb 


Sodium rhodizonate test (i) Blue-violet spot, changes to 
searlet with tartaric acid- 
tartarate buffer (pH ~ 2.8) 

(ii) Red-brown stain — Sr 


23. | Alizarin-S test Red lake 
(cf. Sect. 4.12) 
24. | (а) (NH ,[Hg( SCN),] + CuSO,| Violet 
(b (NH, S[Hg( SCN),] + Blue 
Co(NO,), 


(c) (NH,),[Hg(SCN), + (i) Violet 
ZnSO, — Blue 


Titan yellow + NaOH 
(cf. Sect. 4.21) 


(cf. Sects. 4.21, 8.2) 
*Rare elements 






















8 
9 








Zincuranylacetate test | Shining crystalline yellow 

(cf. Sect. 4.22) precipitate 

Yellow precipitate 

Yellow precipitate 
K, NH, 


White crystalline precipitate 










Sodium cobaltinitrite test 
(cf. Sect. 4.23) 


Sodium cobaltinitrite- 
AgNO, test. (cf. Sect. 4.23) 


NaClO, or dil.HCIO, solution 





Experiments/ Observations | Inferences/ 
No. Reagents Colouration/precipitation/spot Probables 






Sodium tetrapheny! boron test | White precipitate 


32. | NaOH /boil 


33. 


NH, evolued, which turns 

(1) red litmus paper blue 

(п) colourless phenophthalin 
paper red 

(111) Nessler's reagent paper brown 

(iv) AgNO,- MnSO, paper black 




























If tests (28-32) are positive, 
remove NH," ton from the 
test solution by boiling with 
NaOH solution until the 
observations in test 32 are 
all negative. 

Now, perform tests (28-31) 
with the resulting solution 
after neutralization with 
dilute acetic acid/HNO, as 
required. 

(a) Test - 28 

(b) Test - 29 

(c) Test - 30 

(d) Test - 31 







Yellow precipitate 
Yellow precipitate 
White crystalline precipitate 
White precipitate 






ARAR 





Notes: 

|. If H,S group metals are present (Test 12(a) and or (b) are positive), go for separation 
of Groups 1, ПА, HB and HIB (cf. Sect. 7.8) 

2. If test 18 is positive and test 12(a) is negative, go for separation as Group-IV. (cf. 
Sect. 7.8). Also search for uranium (rare element). 





3. If test for Al and Zn (tests 23, 24(a), 24(b)) are positive, perform these tests also with 
the NaOH-extract (E) for confirmation. 


4. Tests for Mz (tests 25, 26) are to be carried out after removal of NH , ion and most 


cation radicals other than Na*, K*. The following procedure is recomended for isolation 
of Mg. 


Take 2-3 mi of the test solution A/B/C in a test tube, add drops of H.S-water. If a precipitate 
is formed dilute and add more H,S-water until precipitation is — Gently warm the 
mixture and filter/centrifuge, discard the precipitate, Boil the filtrate/centrifugate to expel H,S 
completely. If no precipitate is formed on addition of H,S water, discard the solution and proceed 
with a fresh portion. 

Add a few drops of Br,-water, or, Cl,-water and boil gently for a few minutes to oxidize 
Fe(II), if any, to Fe(III). Omit this step if iron is absent. Add —1 ml of a mixture of phosphoric 
acid-oxalic acid-sulfuric acid mixture (POS-reagent). Neutralize the solution with dilute NH, 
avoiding excess and make the solution just acidic by adding very dil. HCI (pH ~4.5, test w ith 
a pH - paper strip). 

Now add 2-3 m/ of acetic acid-ammonium acetate buffer solution (pH ~4.5) and warm the 
mixture gently for 1-2 minutes. Filter/centrifuge off any precipitate and add drops of neutral 
FeCl, solution to precipitate the unreacted phosphate completely as FePO,. Finally add drops 
of ag-NH, until ammoniacal to precipitate the unreacted Fe?* ions completely as Fe(OH). 
Warm gently for 1-2 minutes and filter/centrifuge off the precipitate. Evaporate the resulting 
solution to dryness in a porcelain basin. Moisten the residue with a few drops of conc. HNO, 
and heat the mixture strongly in side a FUME CUPBOARD to decompose and expel ammonium 
salts completely. Cool and add a few drops of water and warm gently to dissolve the salt, 
Mg(NO,),. Test for Mg** with this prepared solution (cf. Sect. 4.21). 


(b) West tests for metallic ions with the NaOH extract (E) 


The NaOH extract may contain metallic elements which form amphoteric and acidic oxides. 
Systematic as well as individual tests are to performed for detection of metallic ions in the 
NaOH extract. 

(1) Systematic Procedure 

NaOH Extract 
1. H,S-water + HCI until acidic 
2. Boil and filter (or centrifuge) 





Coloured Precipitate (1) > Filtrate (1) 
Search for H;S-group metals May contain Al!!!, Zn!!, Ве!» 
Perform individual tests: 
А!!! -> Alizarin-S test (ef Sect. 4.12) 
Zn"! + Mercurothiocyanate test (cf. Sect. 4.17) 
Ве! — (cf Sect. 82) 





Residue Solution 


PbS (black) May contain thio-salt formers: 
Hot As, Sb, Sn (V, Mo, W)* 
dil.HNO, |на 
Solution Coloured Precipitate 
Search for Pb by individual tests. As,S,, Sb,S,, SnS, (cf. Sect. 7.8). 
(cf. Sect. 4.4) (V,S., MoS., WS,)* - perform 


individual tests. (cf. Sect. 8.7-8.9) 


(ii) Individual tests on the NaOH-extract (E) 


Experiments/ Observations Probables/ 
Reagents Inferences 
H,S-water/HCl (1) Black precipitate 


(ii) Yellow-orange-brown 
precipitate 


















js Sb, Sn 
(V, Mo, W)* 





















If a black precipitate is 
formed in test (1), perform 
the following tests with the 
solution-E (cf Sect. 4.4). 
(i) Acetic acid+K,CrO, 
(ii) Acetic acid* Kl 








Yellow precipitate (PbCrO,) 
Yellow crystalline precipitate 
(РЫ) 

Heavy white precipitate (PbSO,) 








(iii) Dil.HSO Alcohol 


If a yellow-orange precipitate 
is formed in test (1) perform 
the following tests with the 

solution-E or with the 


precipitate. 


*Rare elements 






Experiments/ | 
Reagents 


‚ [0). Gn*HCIY/AgNO, 
Gutzeit's test (cf Sect, 4,8) 

(и) Rhodamine-B test 
(cf. Sect. 4.9) 

(111) Ammonium 
phosphomolybdate test 
(cf. Sect. 4.10) 












Blackening 









Blue-violet colouration 









Blue colouration 













Alizarin-S test! (ef Sect. 4.12) Red lake formation 





Mercurothiocyanate test: 
(Acetic acid + 

(NH ),[Hg(SCN),] 

* CuSO, solution 


Violet precipitate 













Note: (1) Phosphate interferes in alizarin-S test for Al by precipitating AIPO , under the 
condition of the test. If phosphate is present, add drops of BaCl, solution to the NaOH extract 
to precipitate phosphate completely as barium phosphate. Filter/centrifuge, discard the precipi- 


tate and perform alizarin-S test with the resulting solution. 
Probables/ 
Inferences 


9.8 Identification of Insoluble Residues (D) 
Fe,[Fe(CN), ), 


Fxperiments/ Observations 
Reagents Colouration/precipitation/spot 
Cr,0, 


Colour Blue 
Fe40, 


Green 

Red 

Chacolate Cu. [Fe(CN), | 

Yellow PbCrO, 

Ash CaF, 

Pale yellow SnO,, Ag-halides 
Zn; [Fe(CN),] 
Inconclusive 
























Note: 

Compare with the of 
colours of common inorganic 
materials (cf. Sect.-6.2) 















White 






Green Insoluble 

(a) Try bisulfate fusion, extract 
with water. Oxidize with: 

(1) 30% H,0,/NaOH 

(ii) K4S,0, -AgNO,-H,SO, 

(b) Diphenycarbazide test 


with oxidised solution (a) (ii 


















(i) Yellow colour 
(и) Orange colour 
(b) Violet colour 


























as in test-2. Test for Fe(III) 
solution. 


directly with on the extract. 
(a) Acidify the extract with 


SI Experiments/ Observations/Colouration/ | Probables/ 
No. Reagents | Precipitation/Spot etc. Inferences 
(c) Acetic acid*Pb-acetate test |(c) Yellow precipitate Cr,O 

with oxidised solution(a)(i) ii 

(i) K,[F(CN),] 

(п) NH,SCN 

acetic acid, add Ba(NO. ), 

solution 


Red Insoluble 

Blue 

Red 
Yellow Insoluble (PbCrO,) atii 
(b) Acidify with HNO, add 


Prepare bisulfate fusion extract 
Extract with conc. NaOH Yellow solution 
conc.(NH 4530, solution 





Yellow precipitate 






























White precipitate, dissolves on 
boiling with conc. solution of 
ammonium acetate. 





Pale vellow insoluble 

(а) NH,!/heat 
(Fume Cupboard) 

(b) Luminescence reaction: 
D + Zn/HCl, stirr with a 
test tube full of cold water, 
hold the test tube in non- 
lumimons flame. 

(c) Sulfur fusion. 

Fusion extract + HCI 

(cf. Sect. 4.10). 

(a) K,[Fe(CN),] *22- 

bipyridine + NH, 

(b) If test 6(a) is positive, Curdy white-yellow precipitate 
proceed as follows: (i) soluble in dil.NH, 

Reduce with Zn-dust*dil. | (ii) soluble in conc.NH, 
H,SO,. Filter and test for |(iii)insoluble even in conc.NH; 
halides in the filtrate with 
AgNO, solution. Test the 
solubility of the precipitate 
in NH, solutions. 






Completely volatilizes 






Blue luminescence 









Yellow precipitate 






















Red colouration Ag-halides 









cr 
Br 













| 593 | 








Experiments/ Observations/Colouration/ Probables/ 
Reagents Precipitation/Spot etc. Inferences 
Ag” 


(c) Dissolve the residue of Curdy white precipitate soluble 
test 6(b) in dil. HNO,, in dil. NH. 
add dil.HCl. 

(d) Extract the insoluble 

residue-D with sodium thio 

sulfate solution and search 
for Ag” and halides in the 
extract by individual tests, 


White Insoluble 
Flame test after reduction in 
the reducing flame. 

(cf. Sect. 6.5) 


Alizarin-S test on 
NaOH-extract (cf. Sect. 4.17) 

















(cf Sects. 4.2, 5.8, 5.11-5.13) | (cf. Sects. 4.2, 


5.8, 5.11-5.13) 












Apple green flame 
Crimson red flame 














Conc. ammonium acetate 
solution (boil). 


(1) Solution + K,CrO, 
(ii) Solution + KI 


Dissolves completely 













Yellow precipitate 


Yellow crystalline precipitate 
dissolves on boiling, reappears 
on cooling 






(iti) Solution + Ba(NO.), 


solution 


White precipitate 









Fusion with fusion mixture, 

extraction of the fused mass 

with water. 

(a) Tests with the fusion 
extract: 

Acidify with dil.HNO, and 

perform the following tests: 












(i) Add Ba(NO,), solution.) White precipitate SO 

(ii) Alizarin-S test Red lake AP* 

(itt) (NH, [Hg(SCN),] + Violet precipitate Zn** 
CuSO, solution 

(iv) H,S-water Yellow precipitate Sn 





Sl 
No. 





Experiments/ Observations/Colouration/ Probables/ 
Reagents Precipitation/Spot etc. Inferences 
(у) Ammoniummolybdate-HNOJ Blue 
-benzidine-acetate test 






















(b) Test with fusion residue: 
Dissolve/extract the fusion 
residue with dil. HNO.. 
Search for cations by 
individual tests particularly 
for Pb, Group-HIA,IV, V(Mg) 


(i) (NH,),CO,/NH, 













White precipitate Ba, Sr, Ca, Pb 
Ba 
Sr 


Ca 





(ii) If a white precipitate is Apple green flame 
formed in test 1O0(b)(1). Crimson red flame 
perform flame test with the} Transient brick-red flame 
precipitate by usual procedure 
(cf. Sect. 6.5) 

(c) Extract + H55-water 

(d) Add a few crystals of 
ammonium acetate and then 
a few drops of K,CrO, 
solution to the extract. 
















Black precipitate 





Yellow precipitate 





Tests for SiO, and Silicates 


(a) Prepare a bead of Blue colouration 


anhydrous Na,CO, on а 
Pt-wire loop. Fuse the white 
insoluble material with the 
Na,CO, bead. Cool and 
extract the bead with 1-2 
drops of HNO, on a spot 
plate. Add | drops of 
ammonium molybdate, | drop 
of benzidine in acetic acid 
and a few crystals of sodium 
or ammonium acetate, 
Compare with a blank test 
without the insoluble material 












O 


CENTSA Y 


Experiments/ Observations/Colouration/ Probables/ 
-Reagents l Precipitation/Spot ete. Inferences 
(bi) D + CaF, + conc. H,8O, SiO,, 51057 
im а lead crucible, 
warm gently, absorb the 


issuing gas in a drop of 
water held on a Pt-wire loop. 













































Water drop turns opaque. 











(ii) Apply benzidine blue- Blue colouration. SiO., 51057 
| molybdenum blue test with 
the opaque water drop 
following the same procedu 
as in 1 (a). Compare with a 


blank. 


‚ | Test for CaF, 

| (a1) Mix D with conc.H,SO, 
in а dry test tube and heat 
gently. Absorb the issuing 
gas in a drop of water held 
at the head of а glass rod. 

(n) Apply benzidine blue- 
molydbdenum blue test with 
the opaque water drop 
following the same procedur 
as in 11(а). Compare with | 
a blank. 


(Ьі) Digest the insoluble 
residue with conc. H,SO, 
as in 12(a) in a Fume 
Cupboard until white 
fumes (SiF,, HF) ceases to 
appear. Cool and pour 
the resulting cold reaction 
mixture into ~10 m/ of water 
contained in a beaker. Cool 
and filter. Add conc.NH, 

until ammoniacal and then a 
saturated solution of 
(NH,),CO,. 







Oily bubbles appear and the 
water drop turns opaque. 













Blue colouration 








White precipitate 





1896] 


(ii) Apply flame test with Transient brick red flame 
the precipitate of the above 


test, I2(by(1). 
Tests for insoluble 


ferrocyanides: Cu,[Fe(CN),], 

Zn,[Fe(CN),], Fe,[Fe(CN),],. 

Extract with hot conc. NaOH 

solution.[Fe(CN);"] and zinc 

as 70057 ion occur in the 
alkaline extract. Iron and 
copper occur in the residue 
as hydrous oxides/hydroxides. 

(a) Tests on the NaOH 
extract: 

(i) HCI/FeCl. 

(ii) Acetic acid+ 
(NH,),[Hg(SCN),] + very 
dilute CuSO, 

(b) Dissolve the residue in 
dil 5MHNO, solution. Test 
for Сый) and Fe(lll) 
directly with this solution. 
Treat the solution with the | 
following reagents: 

(i) HCVNH,SCN 

(ii) HCU/K,[Fe(CN),] 










































Blue colour or precipitate (Fel сму] 


Zn 





Violet precipitate 
















Fe 
| Fe 
May be Cu 
Cu 
Си 


Red coloration 
Blue colouration or precipitate 
Black precipitate 

Deep blue colouration 
Chalolate precipitate insoluble 
in acetic acid but decomposes 
in solutions of alkali. 


















(n)HCI/H,S-water 

(iv) Conc.NH, solution. 

(v) Deep blue solution 
obtained in (iv) * Acetic 
acid + K,[Fe(CN),] solution. 














1997 | 





9.9 Tests for Rare Elements* 


(a) Tests with aqueous or acid extracts (A/B/C) 


Experiments/ Observations Probables/ 
Reagents Inferences 


НСІ + NH,SCN*SnCI, (1) Red colouration 
(п) Blue 






























+ Н.О, (i) Wine red colouration, not 
— discharged by fluoride ton 
(n) Yellow colouration, 
discharged by fluoride, 
reappears on boiling with 
H.BO.. 


Dilute H4SO, 


(1) KHSO, — H,SO, - phenol Redish violet colouration 
(Defacq test) (cf. Sect. 8.9) 
(i) SnCL/HCI 


(un Zn/HCI 





Blue colouration 
Blue colouration 


(tungsten blue test) 
(cf. Sect. 8.9) 















Brown precipitate, dissolves in 
dil HCl, turns yellow on 
addition of NaOH solution. 
Yellow precipitate, dissolves 
in excess of the reagent. 


(1) K,[Fe(CN), |*acetic acid 


(ii) (NH,),CO, — NH, test 
(cf. Sect. 8.10) 


5. {Jf both Mo and W are 
suspected 
Perform HC! – NH,SCN- 














Blue central spot (for W) and W and Mo 
red ring on the periphery for 
(Mo). 
SnCl, test on a filter paper 
strip. 

(cf Sects. 8.8, 8.9) 


(а) NaK-tartarate + Н.О, 











Brown precipitate, turns yellow | Ce 
on boiling. 

Black precipitate 
Blakish blue precipitate, rapidly 
passes into solution which turns 
brown. 


Ce (III) 





(c) Anthranilic acid Ce (IV) 





* For P.G. Level Experiments 


ғ 
- 















SI Experiments/ 
No, Reagents 
Quinalizarin test in faintly 


alkaline medium (cf. Sect. 8.2) 


Observations Probables/ 
inferences 
Corn flower blue colour, not 
discharged by Br,-water 
Red colouration, discharged by | Zr 
fluoride ton 
















(a) Alizarin-S test in acidic 
medium (cf. Sect, 8,4) 








(b) p-Dimethylaminobenzene 
azophenylarsonic acid/dil. 


HCI (cf. Sect. 8.4) 


9. |H,PO,-dil.H,SO, White precipitate 


| Oxalic. acid/NH -oxalate White precipitate Zr, Ce, Th 
i) insoluble in excess reagent | Ce, Th 
ii) soluble in excess reagent 
iit) soluble in dil. HCVH,SO, 
iv) insoluble in dil.0.5M HCI 
v) dissolves in large excess of 
NH,-oxalate, but reappears 


on addition of dil.0.5M НСІ. 
(b) In NaOH Extract (E) 
Experiments/ Observations Probables/ 
| Reagents Inferences 
| HS water + dill HCI Brown precipitate, dissolves in | V. Mo, W 
vellow (NH,).5.,. 
3. о 


Brown precipitate/spot 







































DILH,SO, - H,0, Wine red colouration, not 
dischared by fluoride 

(i) Red colouration M 

(ii) Blue colouration W 
Central blue spot (W) with red | W & Mo 
ring on the periphery (Mo) 










HCI-NH,SCN-SnCl, 














| If both Mo and W are 
surpected try capillary 
separation test on filter paper 

(cf. Sects. 8.8, 8.9) | 


(b) Zn - НС! 
(c) KHSO,-H,SO, phenol/heat 
(Defacqz reaction) 
(cf. Sect. 8.9) 


















| " | 


с 


"T * 


Experiments/ 
Reagents 


(а) Dilute with a large volumd White precipitate appears, 
of water and boil. dissolves on addition of НСІ 


(b) Quinalizarin test Cornflower blue colouration 
(cf. Sect 8.2) not discharged by Br, - water. 





(c) In Na,CO, Extract (F) 


Perform the following tests with the precipitate (X) obtained on treatment of the neutralized 
Na,CO, extract with Zinc nitrate solution. 


Experiments/ Observations Probables/ 
No. Reagents Inferences —— 
m. SnCl, solution Yellow to brown colouration MoO; . wo; 


HCI-NH,SCN-SnCI, Central blue spot уо. 



































Peripherial red ring 


Violet colouration of M 00? . 
precipitate 


Wine red colouration not 
discharged on addition NH,HF,. 


(on spot paper) 







- Potassium ethyIxanthate 










Dil. H480, + H,O, 


(on spot plate or in test 





9.10 Formulation of Probable Compositions of Inorganic Mixtures 


After the detection and confirmation of the cation and anion radicals, the next and the 
final step in qualitative inorganic analysis is to formulate the probable composition of the 
sample, based on tests and reasonings. For this purpose, some additional tests may required 
to be carried out. The following stepwise procedure may be followed. 

|. First of all, list the detected cation and the anion radicals as they occur in the different 
parts of the sample, e.g., 


(i) Water soluble part: Cation .... Anion .... 
(ii) Acid soluble part : Cation .... Anion .... 
(iii) Insoluble part : Cation ... Anion .... 


2. Then formulate tentative compositions with the cations and anions detected in a particular 
part of the sample, according to the valency of the respective ions. 

Anions which are not detected in the aqueous part, but are detected in the Na,CO, - extract, 
may be combined with the cations detected in the acid soluble part (also those in the insoluble 


part in some cases). 


» В 
j“ 
| 





If no anion is detected in a particular part, the cation(s) that is (are) detected in that part, 
probably exist(s) as oxides, hydroxides, carbonates, or bicarbonates etc., which are not 
recognized as detectable anion radicals. Occurance of carbonate, or, bicarbonate is indicated 
from the evolution colourless odourless effervescence (CO. ) on treatment of the sample with 
dilute acid (dil.HCI/H,SO /HNO.). 

3. If the sample dissolves in water, partly or completely, note the colour of the aqueous 
solution and test its acidity or alkalinity with litmus papers (blue and red) or with pH paper. 

Acidic aqueous solutions result from the deprotonation of various (i) protonated anions, 
viz, НЕ”, H;PO,', НЅО, etc. and (ii) aquated high positively charged metal ions, i.e, metallo- 
acids, viz, [Fe(H,O),"], (АКНО), [Cri Н,0);* l (Ti(H405],  [Ce(H,0)2*]. 
[Zr(H,0)!*]. [Вен ,0)4' ])* etc. 


NH,” ion, if present with strong acid anions such as NO,, SOT", Cl" etc. renders the 
aqueous solution weakly acidic (cf Sect. 2.1) 


Presence of water soluble salts of strongly basic anions viz, CO}, F^, PO}, AsOT, 
AsO;. BOT. NO; . SOF render the aqueous extract of the sample alkaline. Some protonated 


anions, e.g, HCO,", HPOj' etc. give weakly basic reactions in aqueous solution. 

Therefore, from examination of acid-base nature of the aqueous extract, it may be possible 
to decide the exact form їп which these anions, if present, exist in the sample. 

4. Certain elements may exists in more than one oxidation states, but are detected in the 
form of a particular oxidation state. The exact oxidation state and the particular form in which 
the element occurs in the sample may be determined by additional tests and reasonings. In 
any case, all the forms of a particular element will be considered as a single radical. 


Examples (9.1): Common elements 

(i) Mercury (Hg) | 

Mercury may exist as Hg! and Hg", both are detected by the same tests, eg, with SnCl, 
or with sodium stannite. But Hg! undergoes disproportionation to Hg" and Нр? in presence 
of ammonia and dilute alkali. 

(ii) Arsenic (As) 

Arsenic may occur as As!!! or As!V sulfides and oxides and also as arsenite (AsQ}~) and 
arsenate (AsO; ) respectively. All forms of arsenic respond to Gutzeit test and also to 


ammonium molybdate test under the conditions of these tests. But only arsente, AsO; , form 
white precipitate with ammoniacal solution of magnesium chloride or magnesia mixture, 
(iii) Iron (Fe) 
Iron may exist as Ее!! and Fel", There are specific reagents for testing these radicals. Fe" 
salt solutions are bottle green, whereas, Fe", salt solutions may have a range of colours, ranging 
from colourless through yellow to violet. 





*Rare elements 








(iv) Chromium (Cr) 

Chromium may occur as Cr"! and Сг\!. Cr! compounds are green to violet in colour, CrV! 
compounds are yellow-orange in colour. eg. СО; (yellow), Cr,O$^ (orange). From the action 
of Ni(DMgH), - equilibrium solution, one may decide whether Cr‘! is present as chromate 
or as dichromate. (cf Sect. 5.18) 

(v) Manganese (Mn) 

Manganese may occur as Mn''-salts, MnO,, Mn"! (manganate) and Mn! (premanganate). 
Mn'-salts and their solutions are almost colourless or light pink coloured, whereas, managanates 


(Mnt 5) are green and permanganates (MnO,~) are purple. Мп!“ is best known in the form 
of black Мп0,, Mn" salts are devoid of any redox property. MnO, and permanganates (eg. 
KMnO,) are strongly oxidizing and manganates (Na,MnO,) readily disproportionate to 
permanganate and MnO,. 


Examples (9.2) : Rare elements” 


Among the rare elements Be, Ті. V, Mo, W, Zr, Ce, U and Th, only V, Mo, W, U and 
Ce in their air stable compounds may exist in more than one oxidation states, Be, Ti!’ Zr", 
Th'* are the only stable oxidation states of these elements and all compounds derived from 
these ions are white in colour. Oxides of all these four metals are insoluble, white coloured 
powders, whereas, their salts such as sulfates, nitrates/oxynitrates, chlorides/oxychlorides are 
soluble in water 

(i) Cerium (Се): May occur as Се!!! and Cel", Се!!! compounds are white and non oxidizing, 
whereas, Ce!" compounds are yellow in solid state and in solution and are strongly oxidizing. 

(ii) Uranium (U): May occur as U'" and UV! in the forms of oxides : UO, (brownish- 


black), UO. (orange-yellow), U.O, (greenish black), etc. and also as uranyl (UO5*) salts 


UO,(NO.),.6H,0, Uranyl salts are bright yellowish coloured in solid state and in solutions. 

(iii) Vanadium (V): Metavanadates (УУ, VO, ) and the oxide, V4,O,, are most common 
vanadium (V) compounds. У.О, is almost colourless, but when dissolved in acid, it produces 
light yellow solution. Vanadyl (VO?") compounds are green. Vanadium (2+) state is violet 
and very strongly reducing. 

(iv) Molybdenum (Mo): Mo, Mo" and Mo! states are common and stable. Mo"! state 
occur in most of the common molybdenum compounds. Molybdic acid, MoO,.H,0 (= H,MoO,) 
gives weakly acidic aqueous solution. Molybdates of alkali metals and NH, are soluble in 
water. Lead molybdate is sparingly soluble. In combination with phosphate, silicate ete., 
molybdate forms heteropoly acids, eg, phosphomolybdic acid, H,[PMo,,0,,], which gives 
acidic reaction in aqueous solution although it is associated with phosphate. Mo" compounds 
are blue coloured and in most cases these are mixed valent compounds. So, even if phosphate 
and molybdate are present from different sources in the same sample, they will be transformed 
in to phosphomolybdic acid in acidic solution and will occur as simple phosphate and molybdate 
in alkaline solution. 

| (V) Tungsten (W): It mainly exists in WY! state as tungstic acid, WO,.xH,O and tungstate 
salts eg, NaWO,.2H,0, Tungstates, like molybdates also form heteropoly acids in combination 
hosphoric acid, boric acid and silicic acid and often exists as salts of such heteropoly 





M 





À 
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acids. Heteropolytungstates are formed in acidic solution. Phosphotungstic acid 
НРО Џ (У 10, 6)] or H.[P(W.,O,,),] gives acidic reaction in aqueous solution. In alkaline 
medium the heteropolyanions break in to simple anions. WY compounds are blue coloured and 
in most cases these are mixed valent compounds. 


50, to ascertain the exact form in which these elements occur in the sample, some additional 
lest may required to be carried out. 

5. When more than one cation radicals are detected in a particular part of the sample, more 
than one tentative compositions maybe formulated, form which the most probable composition 
may be assigned by considering the physical nature of the sample and acid-base and redox 
properties and colour of its solutions. 


Example (9.3) 


Suppose Cd?*, Zn?*, S?- and РОЈ ions are detected in the acid soluble part of the sample. 
The tentative compositions that may arise out of these radicals are: 

(i) CdS, Zn,(PO,), 

(ii) CdS, ZnO, Cd.(PO,), 

(iii) Са.(РО,),. ZnS 

(iv) CdO, ZnS, Zn,(PO,), 

Sine the colour of CdS is yellow, CdO is brown coloured and the remaining compounds, 
ZnO, ZnS, Cd.(PO,), and Zn. ( PO,), are all white coloured, the colour of the mixtures (1) 
and (ii) will be light yellow to yellow depending upon the proportion of CdS. Colour of the 
mixture (iii) will be white, whereas, colour of the mixture (iv) will be light brown to brown 
depending upon the proportion of CdO. Therefore, consideration of colour also may give clues 
to the most probable composition. 

6. Some times it is not even posible to arrive at a single composition for a mixture even 
after considering the physical nature and also the chemical behaviour of the sample. 


Example (9.4) 


Suppose Mg**, К”, СГ and SO; are detected in the aqueous extract and found in the 
same solution. The tentative compositions may be : 

(i) МЕС!„, K,SO, 

(п) MgCl. KHSO, 

(iii) Mg(HSO,),, KCI 

(iv) MgSO,, KCI. 

Since MgCl, is hygroscopic, whereas, KCl, MgSO, KHSO,, Mg(HSO,), are not, the 
physical nature of the sample may again be taken into consideration. If the sample appears 
moisten, it may be due to hygroscopic nature of MgCl, suggesting the compositions (1) or 
(11). If the sample appears dry and granular, it may be either (iii) or (iv). Since bisulfate ton 
(HSO,~) is strongly acidic, whereas, 502- and CI- ions are neutral, so are the hydrated K* 
and Mg? ions, acid-base property of the aqueous solution gives further clues to the most 
probable composition. If the aqueous extract is neutral, its composition should be (iv). If the 





sample appears moisten and its aqueous solution is acidic, its composition should be (ii) and 
if its aqueous solution is neutral, its composition should be (1). 

If water of crystallyzation is indicated in the ignition test with the dry and granular sample 
(iv), its composition may be MgSO,7H,O, KCl, since magnesium sulfate exists as 
MgSO,.7H,0. If the aqueous extract of the sample is alkaline, then carbonate/bicarbonate of 
either of the two metals (Mg, K) may be also present as additional radicals. 

Some more examples will be discussed in the next section. 


9.11 Reporting Sheet for Qualitative Analysis of Unknown Model Inorganic 
Mixtures 

The purpose of this section is to provide a guide-line to the beginers in qualitative analysis 
of complex inorganic mixtures, for recording experimental procedures, observations, formu- 
lating conclusions, or, inferences in a short but systematic manner. The findings during a 
laboratory session may be initially recorded in a “rough copy” of the Laboratory Note Book 
in an abbreviated manner on day to day basis, immediately after performing each individual 
experiment or test. At the end of each laboratory session, the students should report their findings 
to their class teachers/laboratory instructors and discuss with them any problem, or, any new 
observation they have come across during the days work, so that these problems may be 
addressed during the next laboratory session. 

After the analysis of a sample is complete, the experiments, observations, inferences and 
conclusions on the probable composition of the sample may be clearly recorded accordingly 
in the “fair copy” of the Laboratory Note Book. Both fair copy and the rough coy of the 
laboratory not books should be submitted to the teacher for observation/correction/evaluation 
purpose as the case may be. 

The following abbreviations may be used in recording the experimental procedures, 
observations and inferences on the rough copy of the laboratory note book. 


Abbreviations Descriptions 

NCO No characteristic observation 

INC Inconclusive 

(+) Test positve, expected change(s) observed 

(-) Test negative, expected change(s) not observed 
i Precipitation occurs 

T Gas evolution occurs 

А Heating/warming 

Radical (v) Redical present s 
Radical (х) Redical absent 

Radical (Cf) Radical confirmed 

Radical (—) Radical may be present (suspected) 


Since these abbreviations are not Universally used/recommended, their descriptions are to 
arly stated, whenever, these are applied in the recording. 
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f After the analysis is complete, the cation and the anion radicals and the insoluble materials 
if any detected, should be clearly stated along with the charges of the radicals. Preliminary 
tests, wet tests and/or confirmatory tests of the detected radicals should be clearly described 
in the laboratory note book. Special tests indicating the absence of allied radicals should also 
be described. Multistep proudures maybe described schematically. Sample identification 
number, date(s) of experiment, page number of the laboratory note book etc. should be properly 
indexed keeping a space for observations/remarks etc. by the teacher. 


9.12. Examples of Qualitative Analysis of Model Inorganic Samples 
Example (9.5) 





1. Preliminary tests for cation and anion radicals with the solid sample 


шр: ина 
No. 
|. І 




























Ignition test Brown 7 NO,-, МО,” (~) 
Flame test Crimson flame Sr, CaF, (~) 
Borax bead test : Oxidizing flame blue when hot and cold | Co (~) 

; Reducing flame blue when hot and cold | Co (~) 
“NH, + AgOH" Blackening Co, Mn, Ni, Cu (~) 
Oxidative fusion test (=) Cr & Mn (*) 


Ag, Hg & Вих) 
INC 
Co, Ni, Cu, (~) 
INC 
Co, Ni (—) 
СО2-, HCO; (-) 


Sodium stannite solution 
H,O, + HCI 

H,0, + NaOH 

HCI + H,S-water 

‚| (МН,)„5 solution 
Dil.H,SO, 


(-) 

NCO 
Blackening 
NCO 
Blackening 





T Colourless, odourless, 
turns lime-water milkly 







NO,, NO,” (~) 
NO,, NO,” (~) 
5102 & SiO, (х 


Т Brown 





‚| Cone.H,SO,/A 
‚| (Conc. HSO, + Cu-TYA 


‚| Test for silicate/silica (conc. H,SO, + 
CaF,) in Pb-crucible/A 


.| Test for borate/boric acid 
(conc.H, S0, T methanol WA 


T Brown 







BOT, Н,ВО, (х) 





. | NaOH/A "wi (*) 
‚| (NaOH + Zn-dusty/A МО, NOS, (V) 
|] (HCI + Zn-dusty/a S- (x) 


. | lodine-azide test S>, $0; & 
SCN- (х) 


‚| Test for Nitrite: | NO. (х) 
Salfanilic acid + a-Naplhylamine, 
.| Test-20 in presence of Zn-dust NO,” (CL) 


. | Test for phosphate/arsenate: PO} & А50; (х) 
(HNO, extract + Ammonium 





— (times) 
Water, hoil, 





Filter 





Solution (A) Residue Асар Yi 
Colourless НСІ, boil, ution esidue 


Filter/centrifuge 










NO, (х) 
NO. (Cf) 



















Test for NO, & NO, 
(a) Sulfanilic acid + a-Napthylamine 


(b) Reaction mixture of test (а) + 
Zn - dust 


Ring test for МО,” 
HNO, + AgNO, solution 
(HNO, + (NH,),MoO, WA 







(=) 
(+) Red colouration 













NO," (Cf) 
Halides (х) 





PO; &AsO; (*) 














Dil. HCl + BaCl, solution 
НСІ + FeCl, solution 


SO; (*) 
SCN- (х) 
[Fe(CN)7-] (x) 
[Fe(CN)77] (*) 
S?- (x) 






Dil.H,80 4 + FeSO, solution 


Sodium nitroprusside 






| Zinc. nitroprusside 


‚| HCI + H4S - water 


SO: (ж) 
Thioformers (*) 


4. Test for cations & anions with the aqueous extract (A) 


Note: Since only the nitrate (NO,~) ion has been detected in the Na,CO, extract (E), the 
other anions need not be searched in the aqueous extruct (A). 


Evaporation to dryness Residue left Aqueous part (Y) 
Sr. (*) 
INC 
Gr(l-V) (7) 
























Flame test with the residue of test (1) | (+) Crimson red flame 





Litmus paper (red & blue) Neutral 


POS-reagent + NH, 
[Dil.(H; PO,*H5C,0,*H,SO,) mixture] 


Dil.HCI 
Dil.HCl + H,S - water 
(NH,CI + NH,YA gently 


Reaction mixture of test-7 + 
H,S-water 














Gr4 (х) 
Gr-ll (х) 
Ог-ША (х) 
Ог-Ш В (х) 

















NH,CI + NH, + saturated (NH,),CO, 


Flame test with the precipitate of 
test-9 






Precipitation of Gr-IV. (test-9) was 
completed by adding (NH,),CO, as 
required and centrifuged. Centrifugate 
was evaporated to dryness, moistened 
with 1-2 drops of сопе.НМО, and 
heated in à Fume Cupboard 

until white fumes ceased to 

appear. Cooled and taken up with 
-0.5 mi of water and the extract 

was tested as follows: 


(i) NaH,PO, + NH, 
(ii) Zn-uranylacetate 


(ii) Sodium cobaltinitrite test 


The white precipitate of Gr-VI 
carbonates obtained in test-9 of 
section 4, was dissolved in dil.2M 
acetic acid and the solution was 

tested as follows: 

(i) K,CrO, solution 

(ti) Conc.solution of (NH,),SO, 

(11) Flame test with the precipitate of 
(251-101) after reduction. 

(iv) Sufficient (NH,),SO, was added 
to the reaction mixture of test-1(i) 
to complete the precipitation. 
Centrifuged and the centrifugate after 
NH, until alkaline and warmed. 


Inferences 


| White Gr-IV. (v) 
(+) Crimson red flame | Sr?* (Cf) 






































Mg" (х) 
Na* (x) 
K* (x) 









Ba?* (x) 
SP* (v) 
Sr^*(Cf) 


Ca?* (x) 





T AN 


é. | 0). Aq-extract (A) in a test tube * Brown ring at 
freshly prepared FeSO, solution. the junction of the two 
Centrifuged to remove SrSO, that | liquids. | 


precipitates and conc.H, SO, was 
added to the centifugate carefully 
down the side of the test tube. 
(ii) Diazo test : Ag-extract + sulfanilic 
acid + a-napthylanine 
(n1) Diazo test 2(1i) in presence of | (*) Red colouration 
Zn «dust. 


Conclusion : Aqueous part (A) contains : Sr^' and NO," ions only. Therefore. Sr(NO, E 
is present. 





6. Tests for cations with the HCl-extract (B + e 


А мге: 
o?* (V) 


Conc.HCI/A Green colouration, 
turns purple on dilutic 
with water 

Н,5 - water (-) 

(NH,CI + NH,yA^ (-) 

Reaction mixtured of test-3 + H,S-water | + Black 

Reaction mixture of test-4 after complete 
precipitation was centrifuged and the 
precipitate was subjected to the following 
tests. 










Gr-H (х) 
Gr-lllA (*) 
| Gelll B (7) 







(i) DILHCI/A (boiled) Does not dissolve INC | 
(ii) (NaOCl + HCI)/A Dissolved | Co & Ni (~) 
(iii) Solution of test-5(ii) + NH,SCN (*) Blue colouration Co** (СЕ) 


+ Acetone 
(iv) Solution of test-5(ii)+(NH,),[Hg(SCN), | + Blue 
+ ZnSO, solution, stirred 
(v) Solution test-5(ii) + DMGH,+NH, (-) 
Tests with the centrifugate of test-5. No residue was left. 
Evaporated to dryness, moistened with 
1-2 drops of conc. HNO,, heated 
strongly inside a Fume Chamber 
—. [until white fumes ceased. 
Conclusion: The HC! -extract (B + C) contains : Co?* ion. 


1609 | 


Co?* (Cf) 








7. Indentification of the insoluble residue (D) 


Es o som 
l ' 


Examination of colour. Red-brown ~Fe,0, 


(-) BaSO, (*) 
SrSO, (х) 


















Flame test after reduction 












Fusion with KHSO,, extratetion of 
the fused mass with dil.1M H,SO, 
and testing of the extract as follows: 


(i) NH,SCN 
(н) K,[Fe(CN),] 

















Без? (Cf) 
Fe?* (Cf) 


(+) Red colouration 





(+) Prussian blue 
colouration 









AP* (x) 
PbSO, (*) 


(-) 
| (3 


(iti) Alizarin-S test 








NH; -acetate extract + K,CrO, 
Conclusion : The insoluble residue 15 : Fe,0, 


8. Probable composition of the mixture. 
Radicals detected 


‘ation/Compound Anion/Compound 
Aqueous extract : Sr NO, 
HCI extract : Co** — 
Na,CO, - extract ; — мо; 
Insoluble material : Ее,О, zr 


(1) Since the aqueous extract contained only Sr?* and NO, ions and was neutral to litmus, 
therefore, Sr(NO, ), might be present in the mixture and it should not contain any soluble acidic 
or basic material (i.e, SrO or Sr(OH), etc.) 

(2) The insoluble material was unambiguously Fe,O, as it was red-brown in colour and 
did not contain Al,O,. Silicates and silica were also absent. So were the sulfates of Ba and 
Sr as indicated from the negative observations of the flame test with the insoluble part. PbSO, 
was also found to be absent. 

(3) Since the colour of the original sample and also of the residue after extraction with 
water were almost same, i.e dark brown, cobalt should not be present as its black coloured 
oxide. It could, however, exist as its ash coloured carbonate (CoCO,). More over, carbonate 
was also indicatd in the preliminary test on the solid sample. The residue after HCl-extraction 
was red-brown, which was Fe,O,. The colour change of the residue from dark brown to red- 
brown on HC! extraction might be due to dissolution of ash coloured CoCO, in HCI. Therefore, 
the CoCO, remained dissolved HCI soluble part. 


1.610 | 





(4) Thus, the probable composition of the mixture should be: 


Sr(NO,), 8 (aqueous extract) 
CoCO, = (НСІ - extract) 
Fe,0, » Insoluble part 


9. Tests to be described: 

(0 Borax bead test for Co. 

(i) Flame test for Sr?*, 

(111) Ring test for МО,” (ag-extract and Na,CO, - extract), 

(iv) Analysis of Group-IV precipitate for Sp (aqueous extract), 
(v) Analysis of Group-IIIB (HCl-extract) for Co?*, 


(vi) KHSO, fusion and test of Fe?* in the fusion extract of the insoluble part. 
Date Sample No. Colour Texture 
01.12.2006 02 White Crystalline 

1. Preliminary tests on the solid —— 


—— 


Ignition. test Melting occurs К” (~) 
Т (Violet) à c ) 


Example (9.6) 
















































Flame test : Naked eye Violet flame K* (~) 
Double blue glass Red flame K* (*) 
Borax bead test (-) Transition 
elements (*) 
















Cr, & Mn (*) 
INC 
Br. ГС & oxidant 
[7 & oxidant 


(-) 
(-) 


Brown colouration 


. | Oxidative fusion test 

5. | Ag-NH, 

(i) Dil. HCI 

(п) DIL.HCI + Starch solution 


























Blue colouration 
















Cone. H,SO,/A T Violet I- (v) 
$. | (Conc.H,SO, + MnO,\/A T Violet I- (*) 
NaOH/A (-) NH," (х) 





‚| (NaOH + Zn-dusty/A (-) NO, & NO, (х) 





2. Preparation of solution for wet tests | 
Sample was completely soluble in cold water. The following tests were performed with the 


aqueous solution of the sample. 














|, 


Examination of colour Colourless 





Transition. metal 
(*) 





Litmus paper (blue & red) No. change of colour | Neutral 


(i) Gr.I to Gr-IV 
& Mg (x) 
(ii) Ма & K* (~) 


Na, HPO, solution No precipitate 


Note: Absence of NH; was indicted in 
earlier tests —1(9). 
| Zincuranyl acetate test (-) Na* (x) 
K* (У) 
("+ МН,” absent) 
Br, l and 
oxidant (м) 


I- (Cf) 






Sodium cobaltinitrite test (+) 


Dil HCl Brown colouration 









CHCI, was added to reaction mixture | Violet organic layer 
of test-6 and shaken. 


Г (Cf) 


Cl,-water was added to the reaction Violet organic layer 
mixture of test-7 and shaken. 


Violet organic layer was removed Disappearance of the | Br (У) 
from the test solution with the aid violet colour of the 
of a capillary dropper and Cl,-water organic layer and 
was added in excess and shaken with | appearance of yellow 


CHCI,. brown colour. 

‚| HNO, + AgNO, $ yellow Halides specially 
I~, halate, 
Br, and BrO, 
| (У) 

Therefore, the aqueous solution of the sample contains : K* ion as the only cation along 
with Br, BrO, and |^ anions, 

3. Probable Composition 

(i) Sample was completely soluble in water. 

(ii) All the four radicals, K*, BrO.", Вг and I> were detected in the aqueous solution of 
the sample, So, the probable composition of the mixture should be: KBr, KBrO,, KI. 


. | Separation of halide and halate (*) 
mixture (cf. Sect. 7.4) 


1612 | 





Aqueous solution of the sample was neutral, because, K*/aq) has no acidic property and 
the anions BrO,^, Bro and I^ are all derived from strong acids. Therefore, all these three anions 
are weak bases and do not hydrolyze in aqueous solution to make it allkaline. 

Brown colouration of the aqueous solution on acidification was due to oxidation of Br 
and Г by BrO, ion to set free Br, and h. 

4. Tests to be described: 


(1) Flame test for K* ion 

(п) Sodium cobaltinitrite test for К? ion (confirmatory test), 

(i) Separation of Вг”, 1 and BrO,- and detection of individual anion radicals, 
(iv) Confirmatory tests for Br, 17 and BrO,” ions. 


Example (9.7) 


Date Sample No. Colour Texture 


05.12.2006 03 White Mixture of crystalline 
and amorphous powder 





l. —— tests on the solid sample 


dro test. White sublimate Hg, NH,", As 


(Sample + Na,CO, + CyA 1 NH,, No mirror NH,* (7), 
Hg & Así(x) 


NH," (СЕ) 
Са (~) 





























(Sample + NaOHYyA 
Flame test 


Borax bead test 


1 NH, 
(*) Transient brick red 


(-) 


Transition metal 
(*) 
Mn & Cr (*) 
Ag, Hg & Bi (*) 
INC 
INC 
INC 
INC 
INC 
INC 
Cr, Br & Г (х) 


(-) 
(-) 
NCO 
NCO 
| NCO 
NCO 
NCO 
NCO 
(-) 


Oxidative fusion test 
Sodium stannite 
(H,O, + NaOH) 
(H40, + HCI) 

‚| (HCI + H,S) 

-| (NH) S 

‚| DILH,SO, 

‚| Conc. Н,$О„/А 
‚| (Conc. H,SO, + МпО,у/л | 
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‚| (Conc. H,SO, + Cu-TY^ NO, & NO. (х) 


Test for borate/H.BO. BO, & Н,ВО, (х) 


‚| h-azide test S?-. S401 & 
| SCN™ (х) 
‚| Reductive fusion test for SOT | So; (х) 
Test for $1057 & SiO, 51047 & 810, (х) 
‚| (Sample + conc. НМО, + Yellow mass PO}, AsO} (~) 
(NH,),MoO, solutionyA 





2. Preparation of solution for wet tests 
Sample 
|. NaOH, Boil 
2. Filter/centrifuge 
















1. (Na,CO, + waterVboil 


I. Water/boil 2. Filter/centrifuge 








2. Filter/ 
centrifuge 
Residue Solution (F) 
Discard Colourless 
Residue Solution (E) 
Discard Colourless 
Solution (A) Residue 
Colourless (1) HCU/Boil 
(2) Filter/centrifuge 
Solution (B) Residue 
|. Aqua-regia/boil 


2. Dilute, filter/centrifuge 









€——— Solution (C) Residue (D) 
Insoluble residue 
|. Evaporate to dryness White 
2, Take up with dil.HCl 
Solution (B * C) 
Colourless 


3. Tests for anions in the Na,CO,-extract (F) 
Na,CO, extract was neutralized with dil. HNO,, CO, was boiled off. rendered slightly 
alkaline with very dilute NH,, then boiled to remove excess NH). The resulting neutralized 
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Na CO, extract was treated with a concentrated solution of Zn(NO,),, warmed gently, when 
a white precipitate appeared. The precipitate was filtered/centrifuged. The following tests were 


carried out on the precipitate (X) and the solution (Y)*. 
INC 


Dil-H,SO, + FeSO, solution (-) [Fe(CN),"] (*) 


и) Tests for anions on the precipitate (X) 


Acetic acid + Pb-acetate $ White 


Dil.HCl + FeCl, solution (-) [Fe CNi] (*) 
(HNO, + (NH,),MoO, solution)/A $ Canary yellow РО, AsO; (* ! 


(Canary vellow precipitate of test-4 Precipitate remained PO; (У) 
+ tartaric acid )/boiled undissolved 


Precipitate (X) was dissolved in dil. | + White crystalline POT. AsO} (“) 
HCI, treated with magnesia mixture, 
rendered ammoniacal and warmed. 


Precipitate of test-6 + starch-KI + 
dil. HCI 


BaCl, solution + Zr-alizarin solution 
+ dil. HCI 


* Note: Test for NO,- ion, if suspected in the preliminary tests, should be carried out on 
the original Na,CO, extract before treating with dil. HNO, or Zn(NO,), etc. 





3.(b) Tests for anions in the solution q 


— — 


1,-а210е test on (Y) SCN-, S*, $,О (* 





^ 


(Y + dil.HNO,)/boiled off CO, + so; (*) 
Ba(NO,), solution 


Y + CLl-water + fuchsin-bisulfate Br- (x) 


(у + dil HNO,)boiled off CO, + Cr, Br & I- (x) 
AgNO, 








4. Tests for cations in the aqueous extract (A) 


p 


Colour Colourless 































— acidic 
Aq-part (v^) 

NH,", К“, Na* (~) 
PO; . AsOT (7) 
PO, (Cf) 


Blue to red 
Residue left 
(-) No precipitate 


Litmus paper (red & blue) 
Evaporated to dryness 
(Na,HPO, + NH,) 


(Cone. HNO, + (NH,),MoO,)/A + Canary yellow 





(Canary yellow precipitate of test-5 Pricipitate does not 


+ tartaric acid\/boiled dissolve 


(Magnesia mixture + NH,)/warm + White crystalline PO; . AsO; () 





Precipitate of test-7 + starch-Kl + 
dil. HCI 


Sodium cobaltinitrite test 


(-) No blue colouratio 







AsO; (х) 









K*, МНЦ? (~) 
NH," (У), K* (х) 








Sodium cobaltinitrite test after 

removing NH, completely by boiling 
with NaOH solution 

| Issuing gas of test-10 was tested with: 

(1) Nessler's reagent paper 

(11) Phenolphthalin paper 





(+) Brown spot 
(+) Red spot, disappears 
on drying 


(=) 


NH,* (Cf.) 


. | Zincuranyl acetate test Na* (x) 


Therefore, the aqueous extract (A) contained : NH,” and PO; ions. 
5. Tests for cations in the HCl extract (B + C) 


— 


Colour Colourless 
Evaporated to dryness Residue left * part (^) 


(HNO, + (NH,),MoO,)/A $ Canary yellow PO}. АзО; (У) 


(HNO, + (NH,),MoO, + tartaric + Canary yellow poy (Cf.) 
acid /A 
H,S-water (-) Gr- to Grell (х) 





























Yi Tu was removed by Pb-acetate 
method. Excess Pb** was separated as 
PbS by adding H,S-water. Excess H.S 
was boiled off. Oxidized with conc. 
HNO, and was treated with NH,CI + 
aq-NH., until ammoniacal. 

Resulting solution of test-6 was divided 
into 2-parts and tested as follows: 

(1) Smaller part + H,S-water 

(n) Larger part + saturated (NH,),CO, 
Flame test with the white precipitate 
of test 7(ii) 


Сг-ША (x) 

















(-) No + 
$ White 


(*) Transient brick red 


Gr-IlIB. (x) 
Gr-IV (v) 
Ca** (v) 






White precipitate of test-7(1)) was 
dissolved in dil.2M acetic acid, the 
resulting solution was divided into 
three parts and tested as follows: 
Part-(i) K4CrO, solution was added 
Part-(ii) Saturated (NH,),SO, solution 
was added 

Part-(iii) Saturated ammonium oxalate 
solution was added and the solution 
was made alkaline with ag-NH.. 







Ba** (x) 
Sr* (x) 














$ White crystalline | Са?” (Cf) 















| Transient brick red Са?* (Cf) 


|. flame 


| Flame test with the residue of test 
oui) | 
-. НСІ soluble part contained : Ca** and pO; ions. 
6. Tests for radicals in the NaOH extract (E) 


Alizarin-S test for aluminium after (*) Red lake AP* (Y) (СЇ) 
removing phosphate as Ba-phosphate 



















2. | Mercurothiocyanate test for Zn?*: 
(i) With CuSO, (-) 
(ii) With CoSO, (-) 


(HNO4*(NH,), MoO, + tartaric acid)/A 4 Canary yellow 
Therefore, the NaOH extract contained : AP* ion and PO; ion 











Zn% (x) 
Zn** (x) 


PO} (У) 
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| White 
(=) 
(=) 
(=) 


Colour 








Flame test after reduction 









Luminescence test for SnO, 









Fusion with Na CO, head on platinum 51057 & SiO, (х) 
wire loop. + HNO, + (NH,),MoO, + 
benzidine + NH;-acetate (solid). 


(Test for Sio? /s1O,) 








(D + ammonium acetate solution 
boiled, centrifuged. The centrifugate 
was treated with: 

(1) K.CrO, solution 

(и) KI solution 
Fused with KHSO,, extracted with 
dil.H,SO,. Extract after neutralization 
with МН,, was subjected to alizarin-S 
test, 


(1) Fused with Na,CO, bead on a 
platinum wire loop, extracted with 
water and the extract was boiled 
with some NH 4С! (solid). 

(it) The precipitate of test 7(i) was 
washed free from alkali and was 

subjected to alizarin-S test 



























(-) 
(—) 
(+) Red lake 


PbSO, (х) 
PbSO, (x) 
AlO, (Cf.) 
















+ Gelatinous white | ALO, (v) 




















| (+) Red lake ALO, (Cf) 






Therefore, the white insoluble residue (D) was ALO.. 
8. Probable composition 


Redicals detected 
Cations Anions 
Aqueous extract (A) : NH,* PO} 
Na,CO, extract (F) : m PO; 
NaOH extract (E) : AP* PO; 
Acid extract (B+C) : Са?* PO, 
Insoluble part (D) : Al,O, = 


W 1 
Á 
Ma utl. ү 








(i) Since the both NH,” and PO; ions were detected in the aqueous extract, and since 
the aqueous extract was faintly acidic, these ions might be present as NH,H,PO, or 
(NH, );HPO,. The former salt, NH,H,PO, was more likely, since НРО; ton would render 


the aqueous solution slightly alkaline, so that weakly acidic NH,” ion would deprotonate to 
liberate NH, gas, which was, however not observed. 


(ii) Ca^* and PO} ions were detected in the acid extract (B+C). These ions could occur 
as Ca,(PO,),, or, CaHPO,. 

(11) The insoluble residue (D) was unambiguously ALO.. 

(iv) AP* and po} ions were detected in the NaOH extract (E). But since АІ?” was not 
found in the acid extract (B+C), therefore, AIPO, was unlikely to occur. 

(v) AP* was found as Al,O,. Because of its amphoteric nature, Al,O, might have dissolved 


in the NaOH solution, forming aluminate (AIO, ) ion. PO; ion possibly came into this solution 
due to the acid-base cum double decomposition reaction between NH,H,PO, and NaOH: 
NH,H;PO, + 3NaOH > NH,T + Na,PO, + 3H,0 
(vi) Therefore, the most probable composition of the mixture should be: 
NH,H,PO,, Са;(РО,),. Al,O, 
of, NH,H,PO,, CaHPO,, ALO.. 


9. Tests to be described 

(i) NH,* : Preliminary tests (1, 2, 3), Cobaltinitrite test. 

(ii) Ca?* : Flame test, wet test (Gr-IV), flame test with Gr-IV precipitate. 

(iii) POS: Ammonium molybdate tests, magnesia mixture test, separation from arsenate 
arsenite and confirmation, 


(iv) ALO, : Alizarin red-S test with NaOH extract (E), Na,CO.-fusion exact and KHSO, 
fusion extract of the insoluble part (D). 


Example (9.8) 









Texture 
Amorphous powder 














Ignition test 
Flame test Apple-green flame 
Borax bead test NCO 







(-) Ag. Bi & Hg (*) 


Sodium stannite 
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Oxidative fusion test 
(H,O, * NaOH) 
(H,O, * HCI) 

(НСІ + H,S) 

(NH) S, 











Dil.H48O Р 
Conc. Н,50 ,/À 


Test for BOY & H,BO, 


l, - azide test 


E 





(Zn* HCl)/warming 


exl Experiments/Reagents 


(Conc. H,SO, + MnO,)/A 
(Conc. H,SO 4 + Cu-TYA 




















Cr & Mn (*) 
INC 









NCO 
NCO INC 
NCO INC 
Orange yellow part | Gr-IIB (~) 
dissolves 


NCO 


















INC 
52-, 5,05 (~) 






















Smell of burning 
sulfur 


(~) 
e) 
(~) 








Cr, Br, FG) 
NO,', NO; (x) 
BO; & H,BO, (х) 

















(+) Discharge of I, 52-, 8,037 SCN-, (У) 
colour with 
eftervescence 
T(H,S), Pb-acetate 
paper turned black 










$2- (v) 





2. Preparation of solutions of west tests 








Sample 













Water/boiled Na,CO,+water 
Амру NaOH solution/boiled pv 
Centrifuged Centrifuged Boiled 
Solution Residue Residue Solution (E) Residue Solution (F) 
(A) Discarded Discarded 
Conc.HCl/boiled 
Centrifuged 
Solution (B) Residue 
Aqua-regia/boiled 
Solution (C) Residue (D) 
Evaporated to dryness Insoluble 
| Taken up with dil. HCI (White) 
Solution (B+C) 


— ET 





3. Test with aqueous extract (A) 


No. 


Colour Colourless 
Residue left 
Red turned blue 
$ White 

i Orange 


















Evaporated to dryness —— part (7) 


alkaline 
Gr (l-V) (У) 
Gr-IIB (v) 

Sb sulfide (~) 










Litmus papers (red & blue) 
Na, HPO, solution 
Dil HC] 


Remaining part of solution (A) + 

sufficient dil.HCl to completely 

precipitate the orange compound, 

centrifuged, and the precipitate was 

washed with dil.HCl. The following 

tests were performed with the orange 

precipitate. 

(1) (NH,),S, was added to the 
precipitate. 

(ii) Precipitate was digested with 
cone. HCl 

(iii) Solution from test 6(1)+МН, 
until just neutral*oxalic acid + H,S 
water 

(iv) (Solution from test 6 (ii) + 
NaNO,) * rhodamine-B 

(v) Solution from test 6(i1) + iron- 
nail, warmed, centrifuged and the 
centrifugate was treated with HgCl, 
solution. 

(vi) Precipitate of test-5 or 6 * Zn 
dust + HCI. 


Tests with the centrifugate from test-6. 
The centrifugate was boiled to expel 
Н,5, concentrated to a small 

volume, oxidized by boiling with a 
few drops of conc.HNO,, divided into 
several parts and the following tests 
were performed. 











































Precipitate dissolved| Gr-IIB (У) 





Precipitate dissolved] As(*), Sb & Sn (~) 





+ Orange 















Violet colouration 









i) 

















T H,S, turned lead 
acetate paper black 
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Experiments/Keagents 


(a) Evaporated to dryness 
(b) Diluted with water + H,S-water 
(c) (HNO, + (NH,),MoO,)/A 


(d) (NH,CI + NH,)/boil 

(e) (NH Cl + NH,+H,S - water) 

(f) МН,СІ + NH, + saturated 
(NH pCO.. 

Centrifuged and the following test 

were performed; 

(i) Flame test on the white 
precipitate of test 7(f) 

(ii) White precipitate of test 7(f) was 
dissolved in 2M acetic acid and 
was treated with K,CrO, solution. 

(11) Solution of test 7(f\i) was 

| treated with sufficient K,CrO, to 
precipitate BaCrO, кАк, 
centrifuged, the centrifoguie was 
made alkaline with NH, and treatec 
with saturated (NH,),CO, solution, 

(iv) Centrifugate of test-7(f) was 
evaporated to dry ness, moistened 
with drops of conc.HNO, and 
heated stronglv inside a 
(Fume Cupboard). 





Residue left 
(=) 

(=) 

(—) 

(=) 

+ White 


Apple-green flame 


$ Yellow (BaCrO,) 


No precipitate 


No residue left 


AM nas 


Radicals (v ) 
Gr-IH. (x) 


PO; (х) 


| Gr-IHlIA (x) 


Ог- ШВ (х) 
Gr-lV (v) 


Ba (7) 


Ba (Cf.) 


Sr & Ca (x) 


Gr-V (х) 


Therefore, the aqueous extract (A) contained: Sb?*, 52- and Ва?* ions. 


4. Tests with the Www ect (F) 


EL eem ETE. 


Colour 

(a) When dil. HNO, was added to (Р) 
for neutralization and removal of 
CO,, an orange yellow precipitate 
appeared, 


Colourless 
4 Orange yellow 
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(~) — of thio 
formers, As, Sb, Sn 








Sl. 
No. 



















(b) Sufficient dilute HNO, was added | Precipitate dissolved] As-sulfide (*) 

to completely separate the orange Sb-Sn-sulfide (v) 
yellow compound by precipitation. - 
The mixture was centrifuged, the 
preipitate was boiled with conc.HCI. 
Rhodamine-B test with the HCI (*) Violet 
solution of the orange precipitate of | colouration 
test 2(b) after oxidation with NaNO,. 
HCI solution of the orange 
precipitate of tests 2(b) after 
reduction with iron nails, was 
treated with HgCl, solution. 


— 


(c 


— 


(d 


Centrifugate from test 2(b) was boiled | No precipitate 
to expel H,S, made just alkaline with 

NH,, boiled to expel excess МН. The 
resulting neutral Na,CO, - extract, was 


Absence of AsO; , 
AsO}. POT, 
[Fe(CN], 
[Fe(CN); ] 

treated with an excess of saturated воз”. F- and S^. 
Zn(NO.), solution. 

Note: Since S% was removed from 
the test solution before addition of 
Zn-nitrate, precipitation of ZnS could 
not be observed at this stage. 

The following tests were performed 
with the resulting solution from test 3. 


(i) DiLHNO,; + AgNO, solution. 










Cr, Br, IF (х) 
BrO; & lO; (х) 
SO; (*) 

$057 (х) 

SCN- (х) 

NO, (*) 

S% (Cf) 





(ii) DILHCI + BaCl, solution (-) 
(iii) Solution from test 4(11) + Br,-water 
(iv) DILHCI + FeCl, solution 

(v) Diazo test 

Na,CO, extract (F) + sodium 
nitroprusside 

Ring test for NO, on Na,CO, 
extract (F) 









Violet colouration 


NO. (х) 





(—) 


Therefore, the Na,CO,-extract (F) contained: S% and Sb^' ions. 
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5. Tests with the NaCH extract (E) 


E Experiments/Reagents 


Acidification 


v Orange vellow Sb,5. (—) 
Аѕ,5; (х) 
Sb.S., SnS (~) 
(*)Violet colouration Sb (Cf) 























The precipitate of test-! was boiled Precipitate dissolved 


with сопе. НСІ 
Rhodamine-B test with the solution 
from test-2 after oxidation with 
NaNO,. 

Na-nitroprusside added to E. 
















(+) Violet S?- (Cf.) 


colouration 


(=) 








Solution from test-2, reduced with iron Sn (х) 


nail and treated with HgCl, solution. 


Therefoe, the NaOH extract (E) contained Sb?* and S?- ions. 







6. Tests with the acid extract (B * C) 


E oes 


Colour Colourless 
Residue left 

$ White 

+ Orange yellow, 
soluble in (NH,)S, 







ata (v) 
Gr-I to IV, Mg (~) 
GrllB (v ) 


Evaporated to dryness 

(Na HPO, + NH.) until alkaline. 
H.S-water. 

Sufficient H,S was added to complete 
the precipitation and centrifuged. 








Precipitate from test-4, was subjected 
Gr-IIB analysis: 
(i) (Precipitate + conc.HCIy/A 







The precipitate 
dissolved completely| Sb, & Sn (—) 
(*) Violet 
colouration 


(ii) Rhodamine-B test with the solution 
from test 5(i) after oxidation with 
NaNO,. 


(iii) Solution from test 5(1) was reduced 








(-) 


with iron nails, centrifuged and the 
centrifugate was treated with HgCl, 
solution, 


Residue left. 





| drop of the — from test-5 





No. 


The main bulk of the centrifugate of 
test-5 was boiled to expel H,S 
completely. Concentrated to a small 
volume, oxidized with conc. HNO, and 
the resulting solution was subjected 
to the following tests. 


(а) (NH,),MoO,/A (-) PO, (*) 

(b) (NH,CI + NH, until alkalineyboil | (—) Сг-ША (х) 

(c) | drop of the resulting solution (=) Сг- ШВ (х) 
from test 7(b) + H,S - water 


(d) 1 drop of the resulting solution $ white бї (v) 
from test 7(b) + saturated 
(NH,),CO, solution. 

(e) Main bulk of resulting solution 
from test 7(b) + sufficient saturated 
(NH,),CO, solution until precipitatio 
was complete, centrifuged. The 
precipitate was subjected to Gr-IV 






analysis: 

(i) Precipitate from test-7(e) was Apple-green flame 
subjected to flame test. 

(ii) Precipitate from test-7(e) was + Yellow (BaCrO,) 


dissolved in 2M acetic acid and the 
solution was treated with K,CrO, 


solution, 

(iii) Flame test with the yellow Apple-green flame | Ba (Cf) 
precipitate of test 7(e) (11). 

(iv) Centrifugate of test 7(e)(ii) rendered| (~) Sr & Ca (*) 


alkaline with NH, and treated 
with saturated (NH, ),CO; solution. 
(f) The centrifugate from test 7(e) No residue left Gr-V (х) 
was evaporated to dryness, 
moistened with 1-2 drops of 
conc.HNO, and heated strongly 
inside a Fume Cupboard 


Therefore, the acid soluble part (B + C) contained : spit 
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and Ba?* ions. 





7. Identification of the insoluble residue (D) 


|. 


Colour White INC 
SIO4(--) 
BaSO, & SrSO, (х). 
SnO, (х) 
PbSO, (х) 

















Texture Granular 









Flame test (-) 




















luminesence test (-) 








Extraction with ammonium acetate (-) 

+ K,CrO, solution 

Fused with Na,CO, bead on a 

platinum wire loop, extracted with 

water, and the extract was divided 

into two parts and tested as follows: 

Part-| : Alizarin-S test (-) 

Part-Il : HNO, + (NH,)MoO, + (+) Blue 
benzidine + ammonium acetate colouration 
(Benzidine blue-molybdenum 

blue test). Compared with a blank. 


Therefore. the insoluble residue was SIO,. 


8. Probable composition 


Radicals detected me 
| were 


Aqueous extract (А) 
Acid extract (B+C) 
NaOH extract (E) 

Na,CO, extract (F) 





Insoluble residue (D) 


(1) Since the aqueous solution was strongly alkaline, barium could be present as barium 
oxide (BaO) of hydroxide Ba(OH),. Aqueous extract on acidification gave orange precipitate 
of Sb,S,. In the alkaline aqueous extract, 5,5, dissolved in the form of oxy-, thio-, or, oxythio- 
salts, SbO,~ ог SbS,~ and reappeard as Sb,S, and Sb,S, on acidification. The same phenomenon 
occurred on acidification of the NaOH extract (E) and the Na,CO, extract (F). These suggested 
the presence of orange coloured Sb.S,. This was also supported by the orang-yellow colour 
of the original sample. 
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(2) Presence of barium as BaS was ruled out. since it was dirty brownish coloured, where 
as, the sample was orange-yellow coloured, 

(3) No anion radical other than the S^" ion was detected in the Na,CO, extract. This also 
suggested the presence of barium as its oxide or, hydroxide, which produced strongly alkaline 
aqueous extract. 

(4) The insoluble residue (D) was unambiguously SiO,. 

(5) Therefore, the most probable composition of the mixture should be: 

Sb,S.. BaO (or Ba(OH),), SiO,. 

Note: Alkaline nature of the aqueous extract and appearance of yellow to orange coloured 
precipitate on acidification of the aqueous extract, NaOH extract and Na,CO, extract indicate 
the presence of sulfides of As, Sb and Sn (i.e., Group-IIB) (and also vanadium, molybdenum 
and tungsten sulfides)*, Whenever such unusual precipitate appears, it is convenient to complete 
the precipitation of the compound by adding sufficient amount of dilute acid (НСІ or HNO, 
as the case may be) and to filter/centrifuge off the precipitate. The precipitate may be subjected 
to Gr-IIB analysis or individual tests may carried out for the Gr-HB cations. The filtrate/ 
centrifugate after boiling off H,S completely, may be subjected to Group-separation from Group- 
ША to Gr-V as usual, or, may be tested for cations by individual tests. 


9, Tests to be described 


(i) Bat  .. Flame test on sample and on Gr-IV precipitate, Gr-IV analysis, sodium 
rhodizonate test. 


(ii) Sb (II)... Gr-HB analysis, Rhodamine-B test. 


(ii) s> —— ... Preliminary test (16) with sample, precipitates from NaOH and Na,CO, 
extracts, sodium nitroprusside and lead acetate paper tests. 
(iv) SiO, — .. SiF, test, SiF,-molybdenum blue-benzidine blue test with original sample 


and insoluble residue. 


Example (9.9) 


Date: 07.11.2006 Sample No. 05 
Sample containing six radicals including, two rare elements (for P.G. classes)* 


|. Examination of physical characters 

(a) Colour : White powder with pale greenish yellow glow. 

(b) Texture : Partly amorphous partly crystalline. 

(c) Solubility : Partly soluble in water, partly in dilute HCI and partly insoluble. 
(1) Colour of the aqueous extract : Pale greenish yellow. 
(ii) Acid-base nature of the aqueous extract: Weakly acidic. 


— ——— — — ——— 


*Rare elements 
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2. Preliminarv dry tests on the solid sample 


Experiments/Reagents Observations Inferences/ 
Probables 


Ignition test (1) White sublimate ~) МН”, Нр, As, 

(н) Drops of water dd of 
diposited at the crystallization (v) 
cooler part of the 
test tube 




































(1) Black mirror, 
(ii) Issuing gas 

smells NH,, turns 
red litmus blue. 


NCO 


Sample + Na,CO, + Charcoal -» 
heated (Fig. 3.27) 


As (“) 
NH,* (“) 





Flame test 
Borax-bead test: 
(1) Oxidizing flame 










Pale yellow when 
hot and cold. 
Green when hot, 
greenish violet 
when cold. 







(п) Reducing flame О, Ti, Cr, (=) 














Microcosmic salt bead test: 
(1) Oxidizing flame 





Yellow when hot, 
yellow-green when 
cold. 

Greenish yellow when 
hot, greenish violet 
when cold. 


NCO 


U (и) 










(ii) Reducing flame U, Ti, Cr, (~) 















Oxidative fusion test on Na,CO, Mn, Cr (*) 


bead. 


. | Action of conc. NaOH solution Issuing gas 

| (i) smelled NH, 

(11) truned 
phenolphthalin pap 
red. 

(1ii)turned Nessler's 





NH,* (Cf) 





Action dil.H,SO, in cold and hot. INC 


Action of 


(i) hot conc.H,SO, моу, NO, (У) 


.| Sodium stannite solution. 


.| Reductive fusion test 






el Experiments/Reagents Observations Inferences/ _ 
Probables 


(ii) hot conc. H,SO, + Cu-turning №. NO, (и) 
















| Brown fumes 
deepened 

No oily boubbles 
Smell of NH, 
appeared, tested as 
tests -7 (i) & (11). 









(ni)hot conc, H,SO, + SiO, F- (x) 


NO", NO, (Y) 





‚| Alkaline reduction (Zn/NaOH) after 
complete removal of NH, by boilin 
with conc. NaOH solution 





‚| (i) Ammonium molybdate + HNO, | 







Canary yellow AsO, (~) 


precipitate on boiling. 






















(ii) Canary yellow precipitate of The precipitate AsO; (Cf) 
test 1101)+ tartaric acid, boiled. | dissolved completely POL (*) 
‚| Chromy! chloride test Cr (ж) 


‚| (Conc. H,SO ,* Methanol)/A : 
(Tests for borate/H; BO.) 


Н.ВО,, ВО; (х) 


ІМС 
‚| Ag-NH, solution. | U (-) 


.| Silicon tetrafluoride- Molybdenum $027, SiO, (х) 
hlue-Benzidine blue test for silicate. 
.| (H,O, + HCI) 

.| (H,O, + NaOH) 


‚| FeCl, solution 


INC 
INC 
INC 
INC 
U (v) 
INC 


‚| FeSO, solution 
‚| K,[Fe(CN),] solution 
‚| Ki[Fe(CN),] solution 





4 yellow-brown 


(-) SCN’, 5,07 . S^. 
oxidants and 


reductants (*) 








Sulfur containing 
radicals (*) 








3. Preparation of solutions for west tests 


Sample 





Na,CO, + 
water boil, 
filter 


Water, boil, centrifuge 











Solution (A) Residue Na,CO, extract (F) 
Greenish vell 
HCI. boil 
Solution (B) Residue 
Colourless | Aqua-regia, boil 
Mis — ! Solution (C) Residue 
Insoluble material (D) 
Evaporated to dryness Colour: White — 
Taken up with dil, HC] (~) PoSO,, АО» TiO, 210, 
CeO,, ВеО, SiO, etc. 
| (Not BaSO,, SrSO, 
Solution (B+C) since no flame colouration) 


4. Wet tests for anion radicals in Na,CO,-extract (F) 


Note: Since NO, was detected in the preliminary tests, it should be confirmed at this 
stage by ring test or diazo test after reduction to NO; with the solution F before treatment 
with Zn(NO.).. Nitrate would also occur in the aqueous extract (A), since all nitrates except 
bismuth oxynitrate, are soluble in water. 

(a) The Na,CO, extract (F) was neutralized with dil. HNO., CO, was boiled off and drops 
of ag-NH, were added until just ammoniacal. Bioled for 2-3 minutes until smell of ammonia 
disappeared. Drops of concentrated solution of zinc nitrate were added until precipitation was 


complete, filtered (centrifuged). | 


Precipitale (X) Solution (Y) 
The following tests were performed directly on the precipitate (X) and the solution (Y). 


(b) Tests for anions on the precipitate (X) 


Experiments/Reagents Observations Inferences/ 
— 


Acetic acid+Lead acetate p White 


Dil.H,SO, + FeSO, solution Blue colouration 



















[Fe(CN)? ] (X) 
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. | DILHCI + FeCl, solution 





Experiments/Reagents Observations —— Inferences/ 
| Probables 


Neither red nor blue| SCN^, [Fe(CN)?] (х) 
colouration was 
observed. 


(+) Blackening 











Gutzeit test 





AsO, .AsO7 (У) 
PO; (*) 





(Precipitate-X + HNO, + Ammonium 
molybdateWA 


No precipitate on 
just warming. 









Canary yellow 
appeared on boiling 


А5017 & AsOT (~) 

















Canary yellow precipitate of test-5 
* tartaric acid, boiled 


The precipitate AsO; /AsO} (Cf) 
but PO; (х) 


| AsO}. AsO; (7) 


dissolved completely 







Precipitate-X + H,S-water + HCI Milky appearance 
with yellow 


precipitate 





Precipitate-X was dissolved in $ White crystalline. | As03~, РОЈ" (~) 







dil. HCI, the solution was treated 
with magnesia mixture and rendered 
ammoniacal and then centrifuged. 












Centrifugate of test-8 + H,S-water | (-) AsO; (*) 













.| (a) Precipitate of test-8, + KI + Blue colouration AsO,” (Cf) 


starch + dil.HCl 


(b) A few crystals of NaHCO, was 
added to the blue coloured solution’ 
spot of test 10(a) 

‚| (Quinalizarin + 1:1 H,SO,) test for 

borate/boric acid, 

‚| BaCl, solution + Zr-alizarin-S (red) 

solution + dil. HCl 


Blue colour was 





AsO; (Cf) 
discharged 


NCO | INC 





No change of F- (х) 


colour 
NCO 
No characteristic 
colour change 
No wine-red 





|MoOT. WO; (х) 
MoOl, WO; (х) 


‚| (а) SnCl, solution 


(b) SnCl, - NH,SCN - HCI 





„| Preipitate-X + 1 drop of dil.H,SO, VO," (х) 


+ 3% H,O, solution. 
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Solution-Y + HCI + FeCl, solution. Red colouration SCN- (х) 
was not observed 


 Solution-Y (colourless) + dil HSO, | No violet CrO1 . C057 (х) 
G diphenylcarbazide colouration 
(i) Solutiion-Y + HNO, + Ba(NO,), | No precipitate soi“ (х) 
solution 
(ii) Test solution 3(1) + Br,-water No precipitate SOi (*) 
Solution-Y * | drop of fuchsin- Blue colouration Br (х) 
bisulfite + Cl,-water. was not observed. 
l, - azide test (-) & NCO (i) 52", 5037, 
SCN™ (х) 
(ii) Oxidants (х) 
| (iii) Reductants (х) 
Solution -Y + dil HNO, + AgNO, | No precipitation (i) CF, Вг, 1" (x) 
solution. (it) BrO & IO; (х) 
Solution-Y * sulfanilic acid * No red colouration | NO; (х) 
a-napthylamine 

Note: 

Since zinc nitrate was used as a reagent, so, test for NO," should be carried out with the 
original Na,CO, extract (F), or with the aqueous extract (A) or with the original sample 
itself. 

5. Tests with aqueous extract (A) 








. | Ring test for nitrate (^ all nitrates 








Та: JReducing flame 


















green when cold. 


NO,” (Cf) 
are water soluble) 


Diazo coupling test with sulfanilic 
acid and a-napthylamine. 

Diazo coupling, test(5) after reduction 
with /n-dust. 

Dil, HCI 

Dil HCI + H,S-water 

Ammonium sulfide 

| NH4CI + ag.NH, until alkaline 


. | (a) K,[Fe(CN),] solution 
(b) Centrifuged and the brown 
precipitate of test 11(a) was 
divided into 2 parts and tested: 
(i) Dil. HCI solution added 


NO, (х) 


NO, (Cf) 








No precipitate Ag', Hg5*. Pb?* (х) 
Grell (х) 

Fe”, Bi, UOS (~) 
UO$*.Fe?*, Ce** (-) 
U, Мо (~) 





No precipitate 





i Brown 
+ Yellow 


i Brown 
















The brown precipitate | U (7), Mo (х) 
passes into solution 
The brown precipitate 
becomes yellow 

No precipitate 


i White 










(ii) Dil. NaOH solution added U (Cf) 










‚ | (HNO,* Ammonium molybdate)/boilec 

‚| (a) NH,CI + saturated (NH,),CO, 
solution + NH.. 

(b) Centrifugd and an excess of 
saturated (NH,),CO, solution was 
added to the precipitate and 
warmed gently. 

‚| Na, HPO, solution 


PO} & AsO; (х) 
| Gr-IV, U (~) 













The precipitate U (Cf) 
dissolved completely | Gr-IV (х) 
producing a vellow 
solution 

+ White 

(i) soluble in dil.HCl, 









UO:*. Мр? (~) 


fore. the aqueous extract (A) contained : vor" and МО,” ions. 
16331 











6. Tests with HCI extract (B + C) 


Experiments/Reagents Observations Inferences/ 
Probables 


Diluted with water, warmed and 
H,S-water added. 


The yellow precipitate obtained in 
test (1) was centrifuged and treated 
with (NH,),S, solution, 


|01) The yellow precipitate obtained in 


test (2) was boiled with conc. HCl. 


(ii) Centrifuged, and the centrigufate 


was tested for Sn and Sb individually 
(iii) The yellow precipitate was treated. 


with 2M NH, and 3% H, O, 
warned gently and treated with 
magnesia mixture and the solution 
rendered ammoniaical. 


| Original НСІ extract (B+C) + 
| ammonium molybdate+HNO,, boiled 
gently, 
Centrifugate from test (1) was 
acidified with a few drops of conc. 
HNO,, boiled with a small amount 
of filter paper pulp to coagulate the 
colloidal sulfur and centrifuged. The 
clear centrifugate was evaporated to 
dryness. 
| The residue of test-5 was taken up 
| vith water — ерон, tests 
| were performed with this extract: 





| & Yellow, with 
milky white 


| appearance 


The precipitate 
dissolved completely, 


but reappeared on 


acidification with 
HCI 


The precipitate 
remained undissolved 
(=) 


$ White crystallise 


| + Canary yellow, 
soluble on boiling 


with tartaric acid 
A residue was left 


Cd, As, Sb. Sn (~) 
& also oxidants to 
As, Sb, Sn (У) 


As (У) 
Sn and Sb (х) 


As (Cf) 


AsO; (Cf) 


Group (I-V) (У) 





l * 
| 6r Be) J- 


iil V P Т ^ | 
A^, 





lj Experiments/Reagents Inferences/ 
Е Probables 


(iv) (Extract + Na,HPO, + NH,) | White crystalline | Mg?* (м) 
until. ammoniacal 











































(v) Extract + sodium cobaltinitrite $ Yellow K*, МН,” (У) 
(vi) Extract + Zincurany! acetate No precipitate Ма” (х) 

(vii) Titan yellow test (+) Mg** (Cf.) 
(viii) Quinalizarin test. (+) Mg?* (Cf.) 


(Original HCI extract (B+C) + conc. 
NaOH) was warmed (Fig. 3.29) 
gently and the issuing gas was 
tested as follows: 























(i) Smell (1) Smells NH, NH; + (Cf) 
(it) Red litmus paper (ii) Turned blue NH; (*) 
(iii) Phenolphthalin paper (iii) Turned red, NH, (Cf) 





red colour disappeared 
on drying 
Brown spot 


















(iv) Nessler’s reagent paper 
Original HCI extract (B+C) + conc. 
NaOH, boiled to remove NH, completely 
Cooled, acidified with acetic acid 
and sodium cobaltinitrite was added. 


Therefore, the HCI extract (B+C) contained: NH4”, АО; and Ма?" ions. 


NH; (Cf) 


No precipitate К” (x) 


7. Identification of the insoluble residue (D) 


Experiments/Reagents Observations Inferences/ 
Probables 


Examination of colour White Al,O,, TiO,, ZrO, 

ВеО, CeO,, S10), 
sulfates of Ba, Sr, Pb. 

Flame test (cf. Sect. 6.5) No characteristic BaSO,. SrSO, (*) 

| flame colour 


Ammonium acetate extract + K,CrO, | No yellow precipitate, PbSO, (*) 





NaOH-extract, neutralized with acetic | (—) Al,O, (*) 

acid and subjected to alizarion-S test 

(a) Silicon tetrafluoride test, combined} (~) SiO, & silicates (*) 
with molybdnum blue-benzidine 
blue test for silicate, silica. 








(b) } Na,CO, bead test combined 
with molybdenum blue benzidine 
blue test. 

Borax bead test: 

Oxidizing flame 













Yellow when hot, 

colourless when cold 
Grey when hot, pale 
violet when cold. 









Reducing flame 














Microcosmic salt bead test: 
Oxidizing flame 





Colourless when 
hot and cold 

Yellow when hot 
violet when cold 










Reducing flame 








KHSO, - fusion extract was 
subjected to the following tests: 
(a) Extract + H,O, 
















Yellow colouration 
appeared 

Yellow colour 
dischaged 

Yellow colour 
reappeared 

NCO 










(1) A few crystals of NH,HF, was 
added to the yellow solution-8(a) . 

(it) A pinch of H,BO, was added to 
the mixture (a)(i) and boiled 

(b) Extract + H,O, + aq - NH, 
warmed 

(c) 4-Dimthylaminoazophenyl arsonic 

acid test. 

















SiO, & SiO? (x) 


TiO, (-) 


TiO, (-) 


THY (Cf) 
Ti (Cf) 
Ti'Y (Cf) 
INC 
2:0, (х) 
О; (*) 





„ъ se 





8. Probable composition 
Radical detected 
(i) Aqueous extract : UO2* and NO; 


(ii) HCI extract : NH,*, Mg^*, AsO} 

(iii) Insoluble material : Ti!" (TiO,) 

Since only L/O5* and NO, ions ware present in the aqueous extract, so, ООМО, ), was 
present. As the НСІ extract contained NH,*, Mg** and AsO;' ions, these might occur as 
NH,MgAsO,, since this could be the only possible water insoluble but HCI-soluble compound, 
that might have formed out of these three radicals. The insoluble part was unambiguously TiO, 
AsO; in the HCI extract (B+C) oxidized H.S, precipitating colloidal sulfur and As,S.. 

Yellowish green colour and weakly acidic nature of the aqueous extract further supported 
the presence of 005° ion, Deposition of water оп the cooler part of the test tube in the ignition 
test indicated the presence of water of crystallization in one, or more constituents of the sample. 
Uranyl nitrate UO,(NO,), is known as its hexahydrate, UO,(NO,),.6H,O and ammonium 
magnesium arsenate, NH,Mg AsO, is also likely to exists as hexahydroate, NH,MgAsO,.6H,0, 
like its phosphate analogue. White colour of the insoluble residue and the presence of Ti'" 
in it, suggested TiO,. Therefore, the most probable composition of the mixture should be | 
UO.(NO,),.6H,0, NH,MgAsO,.6H,0, TiO,. 

9. Tests to be described 

(i) NH,* .. Preleminary tests (2)7 using phenolphthalin paper, Nessler's reagent paper 
and confirmation by cobaltinitrite test, tannic acid-AgNO, test. 

(ii) МО,”  ... Preliminary tests (2)9, confirmation by ring test and diazo test after reduction 
to nitrite, 

(iii) AsO;" .. Ammonium molybdate - tartaric acid test, magnesia mixture test, Gr-lIB 
analysis, separation from phosphate and arsenite, oxidation of iodide-starch 
paper, 

(iv) Mg? Gr-V analysis after separation of other metals using POS-NH, reagent, 
confimation by titan yellow test, quinalizarin test, hyporodite test. 

(v) UO3* ... Borax bead test, тісгосоѕтіс salt bead test, confirmation by K,[Fe(CN),] 
test followed by treatment with NaOH and (NH,),CO, solutions. 

(vi) TO — ... H,O,-NH,HF, - H,BO, tests with KHSO, fusion extract. 
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CHAPTER - 10 


Applications of Spot Reactions: 
Detection of Trace Quantities of some 
Elements and Radicals in Real Samples 





10.1 Introduction 


Spot reactions described in the previous chapters may often be applied with, or, without 
modification for rapid and indisputable detection of some specific elements or compounds or 
radicals in real samples, eg, minerals and ores, metals and alloys, water and other liquid samples, 
natural products, scientific, technical, industrial and domestic materials. Some tests mav be 
directly applied on the solid, or, liquid sample itself. When the amount of the element to 
be tested is too small in the sample, that direct testing һу spot reactions is not possible, the 
trace element, or the radical may be accumulated on some chemically, or, structurally analogous 
solid materials serving as collectors or trace catchers, which act through coprecipitation, 
adsorption, or formation of mixed crystals. The collector to be selected, should not interfere 
in the actual test of the radical of interest, Otherwise, the collector should be separated from 
the test solution, or, should be masked by complex formation before applying the sensitive 
spot reaction. Following are the few examples of innumerable number of applications of spot 
reactions in testing purity of technical and useful materials and detecting trace elements in 
minerals, 


10.2 Detection of traces of copper in water, food stuff and pharmaceuticals 


Copper is an essential trace element in the biological system, It is an integral part of 
the active sites of several metallo-proteins and redox metallo-enzymes. Amounts less than 
0.001% are harmless, but at higher concentration it is toxic. It is, therefore, often necessary 
to perform tests for copper while examining food stuff, pharmaceuticals and other useful 
materials, even distilled water. Tests applied for detecting trace quantities of copper involve 
(wo steps : (1) concentration of the test sample and (ii) the actual chemical test. The first 
steps are essential for bringing the concentration of copper withing the limit of identification 
of the test, whereas, the second steps are based on the same principles as described in chapter- 
4 (cf. Sect 4.6). 


(i) Detection of copper in water samples 

Take ~50-100 ml of the water sample in a conical flask, add —0.1g of calcium fluoride, 
or, talc and shake for about 10 minutes. By this operation, traces of copper that may be present 
in water, collects through adsorption on the solid and the supernatant liquid (i.e, water) becomes 
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absolutely free from copper. Filter, ог, centrifuge in parts and discard the liquid. Traces of 
copper collected on the solid is sufficient for catalytic effect on the reaction: 


2Fe^* + 25,03” 2 2Fe'* + S10 

as described in Sect. 4.6 | 

Масе а small amount of the collector slury on a cavity of a spot plate. In an adjacent 
cavity, place the same amount of the same collector slury prepared by shaking the same amount 
of copper-free water with same amount of the adsorbent. Now add | drop of ferric thiocyanate 
soution and 2 drops of 0.1N sodium thiosulfate solution to both the cavities and stirr with 
(WO separate glass rods. Red colour of ferric thiocyanate complex tends to disappear. A 
comparatively faster rate of disapperance of the red colour by the collector slury of the sample 


water compared to that of the copper-free water collector slury indicates the presence of copper 
in the sample water. 


(ii) Detection of copper in food stuff and pharmaceuticals 

In detecting copper in food stuff, drugs and pharmaceuticals the sample has to be first 
treated with a strong oxidizing agent, viz. concentrated nitric acid, to decompose the organic 
matters completely. The excess oxidant should also be decomposed by evaporationg the reaction 
mixture to dryness. Dilute HCl, or, HNO, extract of the residue should be subjected to chemical 
tests. 

Place 0.2 to 1.0 g of the substance in a small porcelain or, silica crucible, heat first gently. 
then strongly inside a FUME CUPBOARD to ash the materials. Cool and moisten the residue 
with 1-2 drops of conc. HNO, and heat strongly as before until the black particles (if any) 
due to carbon disappear. Cool and add a few drops of conc. HCI and heat gently to remove 
the nitrous fumes. Add ~ 2 iml of distilled water and boil gently for 1-2 minutes to dissolve 
the soluble components in the residue. Filter the solution with a cotton filter (Fig. 3,19b), or, 
with an Emich filter stick (Fg. 3.21). Add a few crystals of ammonium fluoride or ammonium 


bifluoride to mask iron (Ш) if any, as [FeF;- ] complex ion. Add | drop of 0.25 M zinc sulfate, 
or, (1%) Zn-acetate solution followed by 1-2 drops of ammonium mercurothiocyanate reagent. 
Shake well. A violet precipitate due to the formation of mixed crystals of Cu[Hg( SCN),] and 
Zn[Hg(SCN),] indicates the presence of copper in the sample (cf. Sect. 4.6). 


10.3 Detection of traces of lead in water, sulfuric acid and alkali sulfates, enamels, 
tin platings and in criminalistic investigations 

Lead is a heavy metal and is toxic to the living organisms. Because of its softness, Pb** 
ion binds to the thiol (-SH) groups of the proteins and thereby denatures the enzymes and 
disrupts the biosyntheses of important biomolecules. Lead enters the biological systems mainly 
through contaminated water, Auto exhust contains considerable amounts of lead compounds 
because of the use of certain alkyl and haloalkyl lead derivatives as antiknock compounds in 
gasoline. Small amounts of lead that accumulate in human organisms are eliminated at very 
slow rate. Therefore, testing of water samples and other useful materials for traces of lead 
content is very important from medical and public health stand points. 

Sodium rhodizonate test (Sect. 4.4) is one of the most sensitive tests for lead with a imi! 
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of identification of 0.1y of Pb and a dilution limit of | : 5*10°, Sensitivity of the test may 
be greatly increased by concentrating lead by coprecipitating lead sulfide, PbS, 
(Ky. = 2,5 x 10777) upon more insoluble mercuric sulfide HgS, (Ke = 1.0х10-°2) by treating 
the test solution (eg. water sample, solution of alkali metal sulfates or, other a'kali metal salts 
and even sulfuric acid) with sodium mercurisulfide, Na.[HgS.], solution in presence of 
ammonium chloride: 

Na,[HgS,] + 2NH,CI — HgS4 + (NH,),S + NaCl 


Mercurie sulfide that precipitates, acts as a catcher for trace amounts of lead sulfide which 
may remain dissolved in the solution because of its comparatively higher solubility than 
mercuric sulfide. If this black mixture of lead and mercury sulfides is treated with H,O,, dried 
and then ignited, mercury sulfide volatilizes out, whereas, black coloured lead sulfide is oxidized 
to white coloured insoluble lead sulfate: 


PbS + 4H,O, — PbSO, + 4H,O 

If the residue of PbSO,, after washing with a little very pure distilled water, is subjected 
to rhodizonate test, dilution limit of —1: 107 to 1 : 105 may be achieved іп a volume of 100 
mi, which correspond to ~1x10* % to 10 % of Pb. 

Reagents 

(i) Na,[HgS,] solution 

Dissolve 13.62 of HgCl, in ~60 m? of hot water. Treat the solution with solid Na,S, when 
HgS is precipitated. Add little more solid Na,S and then a concentrated solution of Na,S until 
the precipitate of HgS passes into solution as [Hgs `1] complex ion. Dilute to 100 m? with 
water and filter if necessary. 

(ii) Buffer solution of pH -2.8 

Dissolve 1.5g of tartaric acid and 1.9 g of sodium hydrogentartarate in water and dilute 
the solution to ~100 mi. 

(iii) Sodium rhodizonate solution 

Dissolve —2 mg of the salt in ~10 ml of water. Use of freshly prepared solution is 
recommended, as the reagent does not keep for more than two days even if it is preserved 
in à refrigerator. 

Procedure 

(i) Traces of lead in water, sulfuric acid and alkali sulfate 

Place ~10 m/ of the sample solution to be tested (viz, water, solution of alkali metal sulfate, 
dilute sulfuric acid etc.) in a porcelain crucible (~30 m/), add drops of the Na,[HgS,] reagent 
solution (-0.3 — 0.5 ml) and stirr with a glass rod. HgS is partially precipitated owing to 
hydrolysis of (HgS3~] ion, | "— 

[HuSi-] + 2H,0 > Hest + HS? + 20H- 


1640] 








Add -|g of very pure (GR) NH,CI and digest the mixture briefly, when HgS is completely 
precipitated as the ОН” ions are neutralized by the NH , ions 


2NH,* + 20H- + H,S = (МН,),5 + 2H,0 


As the black precipitate of HgS settles down at the bottom of the crucible, remove the 
Supernatant liquid with the aid of a capillary dropper. Wash the precipitate with very pure 
water by stirring with a glass rod and remove the supernatant liquid as before. Now add 
-5ml of 3% H,O, and stirr with a glass rod for 3-4 minutes and then remove the supernatant 
liquid as before. Now place the crucible with its contents on a hot plate inside a FUME 
C UPBOARD, when the black precipitate of HgS volalitizes off and the black precipitate 
of PbS is transformed to white coloured sparingly soluble PbSO,. Heat the crucible gently 
for ~1 minute, cool to room temperature and moisten the residual mass, if any, with 5 drops 
of the rhodizonate reagent. Stirr with a glass rod, suck off the supernatant liquid with the 
aid of a capillary tube. Add 2-3 drops of the buffer solution (pH —2.8) and 3-4 drops of 
very pure water, Yellow colour of the excess reagent is bleached and the red particles of 
lead rhodizonate are clearly visible against the white bottom of the crucible if the sample 
solution contains lead. Run a blank test using the same volume of very pure water in place 
of the sample water. 

To have an idea about the relative amount of lead present in the sample water solution, 
the test may be carried out with same volume of the standard solutions containing known 
amounts of lead and the colour of the lead rhodizonates formed from the sample water may 
be compared with the corresponding colours formed with the standard solutions. 


(iii) Detection of lead in enamels and tin platings 

Lead in enamels 

Clean the surface of the enamel to be tested and spot the surface with a drop of concentrated 
nitric acid and slowly evaporate the acid to dryness by gentle heating inside а FUME 
CUPBOARD. |f lead is present, it is converted to lead nitrate. Moisten the spot with a drop 
of 10% potassium iodide solution. A yellow spot (or needles) of lead iodide (Pbl,) appears 
if lead is present. 


Lead in tin platings 

Wash the tinned surface, free from grease and dust materials accordingly and finally 
wash with alcohol and ether. Place a drop of concentrated nitric acid, or, acetic acid on 
the surface and warm gently inside a FUME CUPBOARD until the acid is evaporated. 
A grey fleck is formed on the surface where acid was added, due to the formation of 
metastannic acid and lead nitrate (or acetate), if lead is present. Add a drop of 5% potassium 
iodide solution on the spot. Yellow needles of lead iodide appear if lead (down to 194) 


is present. 
(iii) Lead in criminalistic investigations 
When uncoated lead bullets, discharged from fire arms, strike on living or, non-living 
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objects, the impact area or, the wound adheres traces of lead, detection of which is often 
necessary for crime investigation. Presence or, absence of Pb?* may be ascertained by subjecting 
the impact area to rhodizonate test. A piece of Whatman No. 1 filter paper moistened with 
tartaric acid tartarate buffer solution (pH ~2.8) is pressed over the spot for sereval minutes 
and a drop of rhodizonate reagent is added. Red flecks are formmed if Pb?* is present. The 
position of the spot also indicates the location of lead in the substrate. 


10.4 Detection of traces of arsenic in minerals 


Arsenic in moderately toxic to plants and highly toxic to mammals. Serious arsenic pollution 
problem arises from mining, burning of coal, use of insecticides, herbicides and impure sulfuric 
acid. Arsenic (III) i.e. arsenite (AsO}”) may bind to the thiol (-SH) groups іп proteins and 
denatures the enzyme proteins. Arsenic (V), i.e., arsenate (AsO;~), because of its chemical 
similarity to phosphate (PO? ). which is one of the major essential chemical entity in the 
biological system, may replace phosphate and thereby тау uncouple phosphorylation from 
metabolic oxidation. Arsenic poisoning may lead to loss of hair, gastrointestinal problems, 
darmitis and skin cancer. Therefore, special procedure or, technique should be adopted in 
handling arsenic bearing materials. 

The principle of detection of trace quantities of arsenic in minerals, pesticides and other 
materials involves the transformation of arsenic bearing compounds into arsine (AsH,) gas 
followed by its reaction with (1) silver nitrate or, (ii) mercuric bromide, impregnated on а drop 
reation paper, where a black spot, or, a yellow stain respectively is formed. 

Arsenic in the forms of arsenic oxide, arsenate or arsenite, when heated at 300°C with 
sodium formate (m.p. 250°C) or sodium borohydride, is transformed to arsine gas due to 
reduction of these oxygen bearing arsenic compounds: 


2HCOONa —i00°C , Na,(COO), + 2[H] 
As,O, + 16[H] .39C , 2AsH,T + 5H,O 
2As,0, + 3NaBH, — 4AsH,? + 3NaBO, 
AsH, + 6AgNO, + 3H,0 — H,AsO, + 6HNO, + 6Agy 
Sulfide interferes in the test, as H,S produced from the reaction of sulfide with sodium 
formate or sodium borohyride, produces black spot due to Ag,S. Interference due to sulfide 
may be eliminated by igniting the powdered material in a micro crucible (in a FUME 
CUPBOARD), when sulfide is oxidized to sulfate. 
Procedure 


Take ~| mg of the pulverized material in a micro crucible and ignite the same inside 
а FUME CUPBOARD. Mix the ignited material with 10-15 times its bulk of sodium formate, 
previously dried at 120°C. Transfer the mixture into a semi-micro test tube, plug the mouth 
of the test tube with a piece of clean cotton wool, place a filter paper, impregnated with a 
drop of 10% AgNO, or mercuric bromide solution at the mouth of the test tube (Fig 3.27 
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a) and heat the test tube inside a FUME CUPBOARD. A black fleck is formed on the AgNO, 


paper, or vellow-brown stain on HgBr, paper, if arsenic is present in the material. (cf. Sect. 
4.8). 


10.5 Detection of traces of thallium in mineral water samples and in forensic, 
medical and criminalistic investigations. 


Thallium is a trace element in the earth's crust (0.00045g. Ка!) and in ocean water 
(1*10°° mg.lir'), It exists in two oxidation states, ТІ and TP. The radius of TI* ion is slightly 
larger than that of К” ion (eg, for cordination number 6, 8 and 12, radii of K* ion are 152, 
165 and 178 pm and those of TI’ ion are 164, 173 and 184 pm respectively). Because of 
such comparable size, TI” ion may compete with К? ion in the process of its transport across 
biological membrane. More over, due to higher polarizability of TI* over K* ion, the former 
binds more strongly to the membrane proteins and enzymes requiring K* ion for their activity. 
As a matter of fact, thallium, particularly TI*, is a deadly poisonous and toxic element to the 
biological system. Thallium contamination may lead to hair loss, gastroenterities, bone damage. 
kidney failure, finally death. It is, therefore, very important to test for thallium in technical 
materials, minerals, and natural water samples. Thallium test is offen carried out in forensic, 
medical and criminalistic investigations. 

Trace quantities of thallium in the form of ТЇ!!! chloride, or, bromide maybe detected from 
the yellow fluorescence of TI!!! - halide-rhodamine B complex in benzene solution. Acid solution 
of rhodamine-B, containing the cation (1) of the dye stuff, reacts with ТІСІ, or ТІВг, in presence 
of HCI or HBr to produce violet precipitate of sparingly soluble dye stuff salts (2) of the 
halocomplex ions [TICI;] or [TIBr;] derived from the reactions TI halides with the 
corresponding halogen acids, 


TIX, + HX > H'[TIX;] (X = Cl, Br) 


On shaking with benzene (or ether), the product is extracted into the organic layer in its 
zwitterionic form (3), producing a red colour in the organic layer, which displays an intense 
orange-vellow fluorescence on exposure to ultraviolet light. Neither the solution of the dve 
stuff їп HCl, or, НВг on shaking with benzene or ether nor the solid water-insoluble TI. 
halide-rhodamine B salts (2) themselves without shakling with benzene, produce any fluores- 


сепсе. 


HIMX,] 
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(H;C4)N Z^ N (CHa IMXI 


benzene 
— 60 


z^ N’ (CHa); 


M = TI, Au, Hg; X = CI, Br 
(3) 


If the thallium content of the sample solution is too low, then the precipitate of (2) may 
not be visible, nor there may be any change of colour of the reagent, but the fluorescence 
in the benzene layer may be revealable. Gold and mercury interferes by producing similar 
fluorescence in the benzene layer. 

Antimony (V) - rhodamine-B compound dissolves in benzene, producing a red colouration 
(cf. Seet 4.9), Interference due to these metals may be eliminated by treating the acidic test 
solution with a copper or a brass wire, when gold, mercury and antimony are reduced to metallic 
state and are deposited on the Cu wire as a coating. TI! is reduced to TI', which is not reduced 
by the copper. or. brass wire to the elemental state. For detection of ultra trace quantity of 
thallium, freshly precipitated hydrous manganese dioxide, MnO(OH),, may be used as a 
collector. 


Detection of thallium in mineral water 


Take ~ 500 mi of sample water, acidify with a few drops of HCl, add some bright copper 
turnings and shake vigorously to reduce gold, mercury and antimony to their elemental states. 
Remove the copper turnings by decantation, Add 1-2 mg of Мп(ї1)- sulfate, or, chloride and 
an excess of Br,-water. Render the solution alkaline with 2M NaOH solution and stirr with 
a glass rod. Thallium (1), is oxidized to thallium (Ш), which is coprecipitated with hydrous 
manganese dioxide. Filter and discard the filtrate. Precipitated manganese dioxide will contain 
the entire amount of thallium. Dissolve the precipitate in drops of conc. HCl containing some 
sodium or potassium sulfate, collect the resulting solution in a semi-micro centrifuge tube and 
treat with drops of 0.05% rhodamine-B solution in conc. HCl. Add 6-8 drops of benzene and 
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then shake vigorously. Allow the layers to separate (centrifuge if necessary). The benzene layer 
appears red-violet to pink and displays a yellow fluorescence on exposure to uv-light. Compare 
with a blank test, using distilled water, as benzene often shows blue fluorescence. 

Limit of identification: 0.034 of TI 

Limit of dilution: | : | 10 


10.6 Detection of traces of aluminium in water samples 


Although aluminium may activate certain enzymes, viz, succinate dehydrogenase, but it is 
moderately toxic to most plants and slightly toxic to mammals. The metal Is, however, relatively 
inaccessible except in acidic medium due to insolubility of AKOH), in neutral medium. 

Localized accumulation of aluminium in the brain cells is the cause of Alzheimer S disease, 
which is the most prevalant form of senile dismentia. 

As alum is extensively used in water treatment, presence of traces of aluminium in treated 
water 15 not unlikely. It is, therefore, important to test the domestic water samples for aluminium 
content. 

The most specific reagent for rapid detection. of traces of aluminium in water samples is 
the oxytriphenylmethane dye, Chrome Fast Pure Blue (1). The reagent reacts with weakly acidic 
solution containing traces of aluminium to give a yellow precipitate of slighly water soluble 
dye acid (2). On rendering the mixture alkaline with ammonia followed by acidification with 
dil.H SO, and shaking with ether, the etherial layer assumes a yellow colour due to dissolution 
of the dye acid (2) and the red coloured aqueous layer contains the inner complex of aluminium 
with the dve stuff, in which aluminium remains as a constituent of the anion (3) 


O О 
COONa* wc мз 
Na'O"OC C CH, ноос C CH, 
CI CI CI CI 
(1) t ar’ 
(2): Na =H Тону? (3) + H,0 


The complex (3) is so stable that it is not decomposed even іп (1:1) Н,50, medium. Ст) 
interferes in this test. Interference due to zirconium is eliminatd by its complex formation 
with sulfate ion if acidification is carried out with H,SO, instead of HCI. For precipitation 
of Al(OH), from a solution contaiing trace quantities of aluminium, a small amount FeCl, 
solution has to be added to coprecipitate АКОН), along with Fe(OH),. Sensitivity of the colour 
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reaction may be further increased by treating the solution with a slight excess of MgCO, before 
addition of the reagent. 


Procedure 


To 25-50 m/ of the water sample, add one drop of 1% solution of ferric chloride (or sulfate) 
and drops of aqueous ammonia (~ 1M), (or a few mg. of magnesium carbonate powder) avoiding 
large excess. Hydrous ferric oxide precipitates and serves as a collector for the more soluble 
hydrous alumina (pK. m : Fe(OH),, 37.2 ~ 38.2; АКОН),, 32.3). Centrifuge the suspension in 
portions and dissolve the combined precipitates in a drop or two of a mixture of 2N H,SO,, 
add a few grains of very pure (Al-free) zinc dust to reduce Ее?” to Fe** which does not react 
with the dye. Filter off the excess zinc using a cotton filter (Fig. 3.19b). To the resulting solution, 
add one drop of 5% aqueous solution of Chrome Fast Pure Blue reagent and then acidify with 
а drop of 1:1 H,SO,. Add 10-15 drops of diethyl ether and shake. Any excess dye enters into 
the ether layer and the lower aqueous layer becomes magenta, or pink coloured according to 
the aluminium content. 

Limit of identification: 0.4y of Al in 20 ml of water. 
Limit of dilution: | : $ x 107 
Note: (1) The method is not suitable for detection of aluminium in sea water, where the 
metal does not remains in the form of a simple inorganic ion, but remains in 
the colloidal form. 
(i) In stead of zinc dust, thioglycolic acid may also be used for reduction of Fe? 
to Fe^*. In strongly acidic medium used for this test of AP*, the red-violet 
Fe**-thioglycolate complex (cf Sect. 10.7) is not formed. 


10.7 Detection of traces of iron in concentrated acids and alkali fluoride samples 


Since Ре!" forms stable complexes [Fe(HPO,);] and [FeF?-] respectively with phosphoric 
acid and fluoride, the usual thiocyanate test of iron (Sect. 4.11) often gives negative observation 
when trace quantity of iron is present in phosphoric acid and fluoride salts. 


(a) Detection of iron in presence of phosphoric acid 


Ее!!! may be reduced to Fe! by thioglycolic acid (1), which forms a red-violet coloured 
complex (2) with Fe" in ammoniacal medium. 


§ - CH,COO™ 


—— 


2Fe** + 2HSCH,COOH + 4NH, > 2Fe?* + + ANH, 


S - CH,COO" 


ча. -8 
* — 
le- 05 


| 646 | 


(1) 


Fe?* + 2HSCH,COOH + 4NH, э 
(1) 











| This colour reaction is even more sensitive than the Fell'-thiocyanae reaction. The sensitivity 
of this test may be further improved by using thioglycolic acid containing some 1,10 - 
phenanthroline or 2,2'-bipyridine. 
Procedure 


Take one drop of the test sample (phosphoric acid) in a semi-micro test tube, dilute with 
2-3 drops of water, add one drop of concentrated (80%) thioglycolic acid and one drop of 
|, TO-phenanthroline (or, 2,2'-bipyridine). Add drops of (1:1) aq-NH, solution until faintly 
ammoniacal. Warm gently on a hot water bath. A red-violet to blue-violet colour appears if 
Iron 15 present. 


(b) Detection of iron in alkali fluoride 


(i) Fe! remains masked as [FeF;-] complex ion in presence of fluoride. Fe"! maybe 
demasked from this complex by treating the solution with a beryllium salt solution. Small Ве?" 
ion forms slightly more stable complex with F ion than does the larger Fe** ion, so that the 
displacement equilibrium, 


2[FeF2-] + 3Be?* = 3[ВеР2-] + 2Fe** 


remains shifted to the right hand side. If thiocyanatie is present in this condition, a red 
colour is developed due to the formation of [Fe'(SCNy*] complex. 


Procedure 


Place a drop of the test solution on a spot plate, add a few crystals of NH,SCN (or KSCN) 
and a drop of dilute (-2M) HCI. Add 1-2 drops of beryllium chloride (or beryllium nitrate 
or sulfate) solution and stirr with a glass rod. Appearance of a red to pink colouration indicates 
the presence of iron. 

(ii) Thioglycolic acid - 1, 10-phenanthroline (or, 2, 2'-bipyridine) reagent described before 
for detection of iron in phosphoric acid, may also be applied for detection of iron in alkali 
fluorides by the same procedure. 


(c) Detection of traces of iron in concentrated acids (H,SO,, HNO,, HCI and 
CH,COOH) 

The usual Ее!!! -thiocyanate test of iron fails in conentrated acid solutions due to rapid 
decomposition of thiocyanic acid and its oxidation by oxidizing acids such as nitric ac id. Trace 
amount of iron that may be present in concentrated nitric acid, sulfuric acid, hydrochloric 
acid and acetic acid, maybe precipitated as hydrous ferric oxide on alumina, which functions 
as a collector, or, trace catcher and the mixed precipitate maybe subjected to thioglycolic acid- 
|,10-phenanthroline (or 2,2'-bipyridine) test. 

Procedure 

Place ! drop of 2% solution of aluminium sulfate and | m? of the test sample (conc. HNO, 
H,SO,, HCI or, acetic acid) in a semi-micro centrifuge tube (~5 m/). Make the solution alkaline 
by carefully adding drops of concentrated ammonia, while cooling the mixture. Centrifuge the 
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mixture, and discard the centrifugate. The precipitate remains gathered at the constricted part 
of the centrifuge tube. Treat the precipitate with 1-2 drops of 2% solution of 1,10-phenanthroline 
(or, 2,2'-bipyridinc) in 80% thioglycolic acid and warm the mixture gently by placing on a 
hot water bath (Fig. 3.15). Depending upon the quantity of iron present, a pink to red colour 
appears. 


10.8 Detection of barium sulfate in pigments and paper ash 

Barium sulfate is largely used as a base chemical for absorption of coal-tar dye stuff and 
as filler, or, extender for enamel paints. It constitutes the weighting material in the production 
of special papers. It is also employed in pottery, leather, rubber апа dye-stufT industries. The 
white pigment obtained by coprecipitating barium sulfate with zinc sulfide is known as 
lithopone, which is extensively used as a non-poisonous substitute of white lead. Barium sulfate 
itself is used in the synthesis of lakes, as a white pigment in paints and in printing inks, and 
in medicine. Because of its radiopacity it is also used in X-ray diagnosis. 

Barium sulfate can be easily detected in the pigment, or, paper ash by sodium rhodizonate 
lest after converting it into barium chloride, according to the following procedure. 


Procedure 


Take a small quantity (~0.! g) of the pigment or, the paper ash and nearly four times its 
bulk of very pure ammonium chloride in a silica crucible and heat the mixture strongly inside 
а FUME CUPBOARD. Hydrogen chloride produced due to thermal decomposition of NH,CI 
(at 400°C) reacts with barium sulfate and transforms it into barium chloride: 

400*C 
2NH,CI(s) = 2HCl(g) + 2NH,/g) 
BaSO,(s) + 2HCl/g) — BaCl (s) + H4SO,(g) 


As the temperature (400°C) of the reaction is well above the boiling point of sulfuric acid 
(356°C), the latter volatilizes off leaving a residue of barium chloride. Continue heating until 
fumes no longer appear. Transfer the residue into a semi-micro test tube and treat with a drop 
of freshly prepared 0.2% solution of sodium rhodizonate. Appearance of a red to red-brown 
precipitate indicates the presence of barium sulfate in the sample. 


10.9 Detection of traces of hydrogen sulfide (H,S) in water samples 


Hydrogen sulfide (H,S) is a deadly poisonous gas. Although its lethal does is same as that 
of hydrogen cyanide (HCN), but fortunately for us, its unpleasant odour is highly repulsive 
and prevents people from breathing it in dangerous amounts. In chemical laboratories, hydrogen 
sulfide gas should always be handled inside a FUME CUPBOARD. Hydrogen sulfide appears 
in natural water sources and in soil due to biodegradation of living matters, Н,8 is released 
in the transformation of sulfur containing amino acids, viz, cysteine and cystine into pyruvic 
acid and decomposition of iron-sulfur proteins, ferredoxins, Some photosynthetic micro 
organisms, however, use H.S in place of HO. Like hydrogen cyanide, traces of hydrogen sulfide 
may block the respiratory electron transport chain by preventing the reoxidation cytochrome 
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C oxidase bound copper (1) to copper (II) by oxygen. Therefore, detection of hydrogen sulfide 
in natural water, soil and air samples is very important. 

Catalysis of iodine-azide reaction (Sect. 5.7) is the most suitable test for detection of traces 
of hydrogen sulfide in water samples. The sensitivity of the test is greatly increased by localizing 
the hydrogen sulfide within a small volume. This may be accomplished by shaking a large 
volume of water with a drop of mercury, which reacts with even traces of H.S to produce 
a thin film of mercury sulfide, that remains fixed on the surface of the mercury drop. The 
thin film of mercury sulfide, although not visible, but it is sufficient to discharge the iodine 
colour with evolution of nitrogen gas from a iodine-azide solution 


Procedure 


Take ~10-15 тї of sample water in a small stoppered bottle, add a drop of mercury, stopper 
the bottle and shake vigorously for —10 minutes. Pour off the water and place the mercury 
drop on a porcelain dish or, in a depression of a spot plate. Add 1-2 drops of iodine-sodium 
azide reagent solution and stirr with a glass rod. The thin film of mercury sulfide at once 
reacts with evolution of nitrogen gas. Some bubbles of N, gas adhere to the surface of the 
mercury drop and are clearly visible with the ай of magnifying glass, although the iodine 
colour may not be completely discharged by the trace amount of sulfide. 

If necessary, several portions of the sample water may be shaken with the same drop of 
mercury to concentrate the mercury sulfide film, before subjecting it to the iodine-azide 
reaction. 

Limit of identification: 0.05y of H,S 
Limit of dilution: | : 2 x 10% 


10.10 Detection of fluoride in mineral water and rocks 


Fluorine is an essential ultra trace element. 2 ppm of fluoride in diet is essential for optimal 
growth. It strengthens teeth in mammals and is used as CaF, in some molluscs. CaF, 
dramatically cuts risk of tooth decay in children. Fluoride interacts with tooth enamel, hardens 
it, and makes it less susceptible to decay. Fluoride deficiency makes people more prone to 
tooth decay. But fluoride is moderately toxic. Fluoridization of public water is not recom- 
mended, as inflamation of gums, or, gingivitis and fluorosis are common complaints. Fluoride 
present in superphosphate fertilizer, in mineral water and rocks are the common sources of 
fluoride toxicity. Therefore, detection and also estimation of fluoride content of mineral water, 
rock phosphates, fertilizers, etc. are extremely important. 

Silicon terafluoride-molybdate-benzidine blue test for fluoride (cf. Sect 5.10) is the most 
suitable test for detection of traces of fluoride in mineral water and rocks. 


(i) Flouride in mineral water 

Take 5 ml of the sample water in a platinum crucible add a small amount (~0.2g) of 
powdered quartz sand, or, silica and evaporate the mixture to dryness. If the sample water 
contains large amounts of other halides (viz, CI, Br, 17), add 5 m/ of saturated solution of 
silver sulfate to precipitate these halides completely. Filter off the precipitate, if any, and 





evaporate the filtrate to dryness with the quartz sand, or, silica as before. Moisten the dried 
residue with 1-2 drops of conc. H,SO, and heat gently оп an asbestos board inside a FUME 
CUPBOARD. Hold a drop of water at the head of a dropper to the issuing vapour. The water 
drop turns opaque if F- is present. Subject the opaque drop to SiF ,-molybdate-benzidine blue 


test, as described before (cf. Sect 5.10, 5.21). 


(ii) Fluoride in rock samples 

Take ~0.2 g of the powdered rock sample in a platinum crucible, add some silica and a 
few drops of conc.H,SO,. Heat the mixture gently inside a F UME CHAMBER and absorb 
the issuing gas in a drop of water at the head of a dropper. If the rock sample already contains 
silica. then the addition of extra silica is not required. The water drop becomes opaque if fluoride 
is present. Subject the opaque drop to SiF ,-molybdate-benzidine blue test. Otherwise, fuse the 
dry residue with Na,CO, on a platinum wire loop, extract the molten mass with water and 
subject а drop of this extract to molybdenum blue-benzidine blue test described before (cf. 
Sect. 5.10, 5.21). 


10.11 Detection of traces of iodine in sea water and mineral water samples 


lodine is one of the biologically essential ultra trace elements. lodine enables the thyroid 
gland to biosynthesize thyroxine, an essential amino acid, which is a vitally important 
hormone that regulates metabolism іп all the body cells. Regular dietary intake (RDI) of 
iodine for adult men and women are around 150 and 120 micrograms respectively. In 
developed countries, specified amounts of iodine or, iodide salts are added to table salts 
mainly as a safegurd against thyroid enlargement (goitre) and the severe from of mental 
retardation called cretinism, caused due to iodine deficiency. However, too much excess (230 
times of the RDI amount) of iodine may cause such deleterions eflects, as, experience of 
metallic taste, mouth sores, diarrhoea, vomiting, headache, swollen salivery gland, acne and 
breathing problem. The richest natural source of iodine is Tasmanian Wakame (sea weed). 
Coastal area soils are also rich in iodine compounds, so are the dairy products from cows 
grazing in such soils, fruits and vagetables grown in those areas, Sea fishes are also a major 
source of iodine. Therefore, detection of iodine levels in sea water and in mineral water 
is of utmost importance. 

Catalytic effect of iodide ion on the otherwise slow oxidation of colourless tetrabase (3) 
to its blue coloured quinoidal oxidation product (4) by hypochlorite (CIO^) ion, generated by 
the hydrolysis of chloramine-T (sodium p-toluenesulfonechloramide) anion (1) to the corre- 
sponding sulfonamide (2), forms the basis of this highly sensitive test. 


[H4C X )- SO,NCI]- + HO = H,C A ^ SONH, + CIO" ..... (i) 
(0) (2) 


. 


CIO- + 2H* + 2-2 CF + HO + L° wow ii 
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(3) 
(H4C);N A ^ CH =< y N'(CH,), + 2I- + H* se (iii) 
(4) 


Although. l, formed from the oxidation of iodide by CIO“ ion, actually oxidizes (3) to 
(4). but the net reaction (iv), obtained by summing up the reactions (ii) and (iii), does not 
involve any iodine, or, iodide and represents the equation of the uncatalysed reaction, 


CIO-  H* + (H,C),N A )- CH, A ^ N(CH,). 
$ 
CI- + H,O + (H,C),N CH ~ »- NICH), ts (iv) 


This indicates that iodide ion catalyses the redox reaction between chloramin-T and 
tetrabase. 


Reagents 

(i) Tetrabase solution 

Take ~10 m/ of 1M acetic acid in a small beaker, heat gently on a hot water bath. Add 
tetrabase in small portions with stirring until some tetrabase remains undissolved. Cool to room 
temperature, use the clear supernatant liquid (filtration is not required). Use the freshly prepared 
solution for the test. 


(ii) Chloramin-T 
Freshly prepared 195 solution in water. 


Procedures 


(i) Take | drop of the neutral test solution in a depression of a spot plate, add | drop 
of tetrabase and | drop of chloramin-T reagent. Mix with a glass rod. A blue colour appears 
immediately, or, within a few seconds depending upon the amount of iodide present. The blue 
colour is not permanent, it changes to green within a few minutes. 

(ii) To one drop of sea water in a semi-micro test tube add 5 m/ of distilled water. To 
the resulting mixture, add | drop of tetrabase and | drop of chloramin-T reagent solutions. 
A blue colour appears if iodide is present. 

(iii) In a semi-micro test tube, mix | drop of the sample water with a grain of MgCO, 
and heat the mixture strongly. Cool to room temperature and add 2-3 drops of distilled water 
to the residue to dissolve the soluble iodide salt. Collect the clear liquid with the aid of a 
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cotton filter (Fig. 3.19b) or a capillary tube (Fig. 3.24d) and place the same in the depression 
of a spot plate. Add | drop of tetrabase followed by one drop of chloramine- T reagent solutions. 
Appearance of a blue colour indicates the presence of iodine. 

Limit of identification: $ х 107^ of КІ 

Limit of dilution : | : | x 10° 
10.12 Detection of traces halides (chloride, bromide, iodide) in fine chemicals 

When soluble, or, insoluble halide salts (chloride, bromide or todide) are warmed with a 

mixture of chromic acid and sulfuric acid, free halogens are given off (with chloride salt, 
chromyl chloride CrO,Cl, is also produced) (cf Sects, 5.11-5.13). When dilute solutions of 
chlorine, bromine, or, iodine are allowed to react with the yellow coloured solution of thio 
Michler's ketone (4, 4' - his-dimethyvlaminothiobenzophenone) (1), a deep blue colouration is 
produced. The tautomeric zwitterionic form (2) of the dye stuff is oxidized by free halagens 
to its disulfide (3) which is water soluble and is blue coloured due to its p-qninoidal structure. 


| | 
2[(H4C SN A )- eae N'(CH4] 


: 
| 

HONK) cmt be N*(CH,),)X" 
Gu 


The test solution should be free from other oxidizing agents, viz, nitrite, nitrous acid, 
nitrogen dioxide etc. Hydrogen peroxide, or, peroxodisulfate does not interfere. The test may 
also be applied to detect halogens in the gas phase (cf. Fig. 3.29), using the reagent solution, 
or, a filter paper impregnated with the reagent. 

Reagents 

_ (i) Chromic acid - sulfuric acid mixture 

.— Кера saturated solution of potassium dichromate in concentrated sulfuric acid on a boling 
water bath for ~30 minutes to remove any traces of halogen that may be present in these chemicals. 
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(ii) Thio-Michler's ketone paper 


Prepare а 0.1% solution of thio-Michler's ketone in benzene and soake a strip of Whatman 
No. | filter paper with this solution. Dry the paper in air and cut it into small strips. It may 
be kept for weeks if preserved in a dark place. 

Procedure 


Take 5 to 100 mg of the solid sample or, the evaporation residue from 1-2 ml of a nearly 
neutral or, weakly alkaline test solution in a semi-micro test tube. Add 3-4 drops of chromic 
acid-sulfuric acid mixture using a capillary dropper, avoiding contact with the wall of the 
test tube. Plug the mouth of the test tube with a piece of clean cotton wool and place a disc 
of reagent paper over its mouth (F ig. 3.27 a or b). Place the test tube inside a boiling water 
bath (Fig. 3.15). Depending upon the quantity of halogen present, a more or less intense blue 
colour appears on the reagent paper in about 1-4 minutes. 

By this procedure it is possible to detect 6x105% chlorine in 5 ml of conc.H,SO,, 
5x10% chlorine in 100 mg of water soluble salts. If the reagent paper. impregnated with 
the reagent, is spotted with aqueous solutions of free halogens, it is possible to detect : 02y 
of chlorine, 0.2* of bromine and 0.5у of iodine. 


10.13 Detection of uranium in minerals 


Uranium is used in nuclear reactors for generation of nuclear energy. Therefore, search 
for natural sources of uranium in minerals and ores is carried out regularly in geochemical 
and minerological explorations. Potassium ferrocyanide test and rhodamine-B test (cf Sect. 
8.10) may be applied for the detection of trace quantities of uranium in minerals and ores. 
Uranium minerals аге very often associalted with titanium, iron and other base metals which 
give coloured precipitates with ferrocyanide solution. These metals should be removed before 
testing for uranium. 


Procedure 

Take а minute quantity of the powdered sample and fuse the same with anhydrous Na,CO, 
or K,CO, on a platinum wire loop by heating in the Bunsen flame (cf Sect 6.8). Cool the 
molten bead, take it up with 1-2 drops of conc.HCl in a small platinum crucible lid and evaporate 
to dryness. Cool and moisten the residue with a drop of HCl and wash down the resulting 
liquid into a semi-micro test tube with the aid of a few drops of water. Add a crystal of NH,CI, 
heat to boiling and add drops of ag-NH, until ammoniacal. Centrifuge and discard the 
centrifugate. Dissolve the precipitate in 1-2 drops of 2M HCI, add 1-2 drops of 30% H,O, 
and drops of 2.5 M NaOH until alkaline. Boil for ~5 minutes, adding drops of water as required 
to replenish the reduction in volume of the solution. Centrifuge. Discard the precipitate, which 
may contain the hydroxides, or, hydrous oxides of titanium, zirconium, cerium, thorium 
manganese and iron. The centrifugate may contain CrO}~, AOH) 17,057 and VO;. 
Acidify the centrifugate with dilute (-2 M) HNO, and add drops of BaCl, solution, followed 
by a few crystals of ammonium acetate, warm gently, Centrifuge and discard the precipitate 
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if any, which may be BaCrC, (yellow), and or, Ba(VO,),. The centrifugate may contain UO;* 
AP* and excess Ba?* ions. Add a few drops of saturated solution of (NH,),CO, and warm 
gently for —5 minutes. Centrifuge and discard the precipitate, which contains BaCO, and 
AOH), if present. The centrifugate now contains only [UO,(CO, j^], which maybe subjected 
to tests for uranium. 

Evaporate the centrifugate to a small volume, acidify with 1-2 drops of 2M HCI and perform 
the following tests: 

(i) Potassium ferrocyanide test: Place a drop of the weakly acidic test solution on a drop 
reaction paper impregnated with 3% solution of K,[Fe(CN),]. According to the amount of 
uranium present, a more, or, less brown stain is produced. 

(ii) Rhodamine-B test: Take 1-2 drops of the test solution on a semi-micro test tube, add 
drops of very dilute ag-NH, to have a just neutral or, very weakly acidic solution (test with 
à pH paper). Add 5 drops of the rhodamine B-benzoic acid-benzene reagent solution (0,5% 
solution of benzoic acid in bezene containing an excess of rhodamine-B, cf. Sect. 8.10) and 
shake vigorously. A red to pink benzene layer results if uranium is present. 


10.14 Detection of gold in alloys and coatings 


Gold, because of its shiny and glittering appearance, is used in making ornaments. Gold 
coatings are given to ornaments made of other metals and alloys, artefacts and sculptures for 
beautification. Since gold is a very costly and precious metal, it is offen necessary to test the 
presence of gold in these materials without causing any visible damage to the specimens. 

A rapid and sensitive test for detection of trace amounts of gold is based on the colour 
reaction of gold in the form of [AuCI;], ог, [AuBr;] ion with rhodamine-B in benzene medium. 
The reaction is similar to those of [TICI;] or [TIBr;] with rhodamine-B described in the 
detection of thallium in water (cf Sect. 10.5). 


Procedure 


Draw the sample (article) over a piece of unglazed porcelain, or, over the unglazed part 
of the bottom of an evaporating dish, so that a hair-line scratch is formed on the porcelain. 
Now with the aid of a capillary dropper, spot the scratch with a drop of bromine-hydrochloric 
acid mixture (i.e. a mixture of equal volumes of bromine-water and concentrated hydrochloric 
acid) to oxidize metallic gold to Au'''-halo complexes, [AnCl;] and/or [AuBr;] ions and Cr" 
if any, to Cr“! by hypobromite. Wait for 2-3 minutes. Add one drop of 10% aqueous solution 
of sulfosalicylic acid to consume the excess bromine (in the form of soluble colourless 
bromosulfosalicylic acid, (cf. Sect. 4.13). Now wash down the resulting liquid into a micro 
test tube, add drops of water if necessary with the aid of a capillary dropper. Add one drop 
of 0.2% aqueous solution of rhodamine-B reagent and 5-6 drops of benzene, shake the mixture 
vigorously and expose the mixture to wv-radiation for a few minutes. If gold is present, the 
red benzene layer shows an orange fluorescence. 

Limit of identification: Олу of Au 
Limit of dilution: | : 5 x 10° 
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Appendix-Al 


Acidity Constants | pk") of Some Inorganic Acids at 25°С, 


(Relevant to qualitative inorganic analysis) 
Deprotonation equilibria: НА = Н, ,A- + H* 


"t-l 
Ky = (НН, ,A" / [H,A] 
pK}, = -!ор KH 


—— — 


Ammonium ton NH," 
HSbO, 
HAsO, 
HAsO,” 














11 
2.3 — 3.6 


6.8 ~ 7.2 


12.0 — 12.5 
92 

92 

6.4 

10.2 

0.7 

6.5 

3.9 

4.7 

7.9 

04 

3.2 

11.7 (20°C) 
3.7 - 3.8 
7.1 

13.0 


2.5 


Antimonous acid 

















Arsenic acid 





HAsO; 
HAsO, 
HBO, 
(CO, + Н,0) 


Arsenious acid 
Boric acid 
Carbonic acid 


Chromic acid 





Cyanic acid 
Hydrazoie acid 
Hydrazinium ion 
Hydrocyanic acid 
Hydrofluoric acid 
Hydrogen peroxide 
Hydroselenic acid 
Hydrosulfuric acid 





Hydrosulfurous acid 
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Hydrotellurie acid H,Te 
Hydroxylammonium юп NH7OH 
Hypochlorous acid HOCI 
Nitrous acid HNO, 
Periodic acid H.10, 
НО," 
Phosphoric acid HPO, 
HPO, 
HPO; 
Phosphorous acid H.PO. 
| H;PO, 
Selenous acid | H5SeO, 
| НЅеО, 


Sulfuric acid HSO, 
Sulfurous acid (SO, + H,0) 
HSO,- 
Telluric acid H, TeO, 
H.TeO,- 
Tellurous acid H,TeO, 
HTeO, 
Thiosulfuric acid H,S,0, 
HS,0,~ 
Water (hydronium ion) H,0* 
H,O 
OH- 








Acidity Constants ( pK") of Some Organic Acids at 25°С 


Acetic acid 
























CH,COOH 





Benzoic acid CHCOOH 
Anilinium ion C,H.NH,* 
Citric acid | (CH,OYCOOH), 





(C;H,O(COOHYCOO"), 
HCOOH 
(СН,), М,Н“ 


Formic acid 





Hexamethylenetetra 
ammonium ion 


Monochloroacetic acid | CICH,COOH 


Oxalic acid H,C,O, 
HC.O," 
Phenol C, H.OH 
Phthalic acid C, H,(COOH), 
C, H,(COOH)(COO ) 
Picric acid C, H,(NO,), OH 
Salicylic acid C, H,(OH(COOH) 
C,H,(OH(COO) 
Sulfanilic acid H,N°C,H,SO,” 
Tartaric acid (CHOH),(COOH), 


(CHOH),(COOHYCOO") 
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(C,H,O\(COOH),(COO-) | 


Conjugate base | oe | 


CH,COO- 
C,H,COO" 

C,H;NH, 

(C,H,O) (COOH),(COO") 
(C,H,OXCOOHJ(COO-), 
(C.H,OXCOO"), 

HCOO" 
(CH,),N, 



































CICH,COO- 
HC,O,- 
Col 
C,H,O^ 
C,H,(COOH\(COO-) 
C,H,(COO”), 
C,H4(NO,),0" 
C,H,(OH)COO- 
C,H,(0-«COO"^) 
H,N.C,H,.SO,- 
(CHOH),(COOH)(COO") 
(CHOH),(COO”), 
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Appendix-A3 
First Acid Dissociation Constants of Some Hydrated Metal Ions at 25°C 
Acid dissociation equilibria : М" (ад) = M""'*(ag) + Над) 


KH = [Mi "+ ад] Н“ (а) 
а [M" (ag)] 


рК М = logi Ку 
M" faq) M" (aq) 


Fe?^*/ aq 


Crt (ag) 
AP* (ag) 
Ве2* ад) 
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Solubility Products of Some Metal Hydroxides at 25°С 
Solubility equilibria: 


M(OH),/s) & M" (ag) + nOH"(ag) 
K,, = [M"'(ag)JOH-(ag] 
PK. = -log Kop 





26.5-27 
18.2-19.2 ~56 


(ГОН?) 11-12 
5.1 
14.2 


19.8-21.8 


54.8 
15.6 
42.6 
17.0 
30.3 


15.3 
372-382 
25.5 

11.0 
12.5-12.8 
36 

56 


14.4 - 15.6 
64-65.5 
31.0 
(ІОН?) 17.1 
3.5 


39.0 

35-40 
20H'(-29) 
0.2 

45.2 


19 
45 


(20H^) 22.7 
(IOH^) 14.1 
16.9 

(20Н-у25.5 
(20H^) 22.1 





Solubility Products (K 


Solubility equilibria: 


M X (s) = 


mn 


Halides/Oxyhalides/Pseudohalides 


BaF, 
CaF, 
МЕЕ, 
SrF, 
РЫР, 
AgCI 
Hg,Cl, 
PbCI, 
Сис! 
AgBr 
CuBr 
Hg,Br, 
PbBr, 
Agl 
Cul 
Hg-l, 
РЫ, 
AgBrO, 
AglO, 
AgCN 
CuSCN 
AgSCN 
Carhonates 


1.8x107 
|.5x 10-0 
7.4x | 0! 
2.5x107? 
2.7x10® 
1.8х10-'0 
1.4x 10715 
|.2x1075 
1.7x1077 
5.4х10-!3 
6.3x107? 
6.4x 10723 
6.6x1075 
8.5x10-"7 
I.1x107? 
5.3х1072% 
8.5x107? 
$.5x1075 
3.0x 1073 
6.0x 1077? 
4.8x 10715 
|. 1x10" 


84x10-!? 
2.6x107? 
1x10? 
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Appendix-A5 


mM"" (ag) + nX™- (aq) 
к = [M"'(ag)]"[X"-(ag)" 


CaCO, 
Сасо, 
Сосо, 
CuCO, 
FeCO, 
MgCO, 
NICO, 
PbCO, 
SrCO, 
ZnCO, 


Chromates 
Ag; CrO, 


BaCrO, 
CaCrO, 
PbCrO, 
Sulfides 
Ag,S 
Bi,S, 
CdS 
CoS(a) 
CoS(B) 
CuS 
Cu, 
FeS 
Hg,5 


HgS (black) 


! of Some Sparingly Soluble Salts М „Х, at 25°С 


$« 107? 
62x10"? 
L.4x10-P 
2,5x]0-1^ 
347x107! 
22x 10"! 
I.3x1077 
7.5х107'* 
5.610-'% 
1.2х 10-19 


1.1х10'2 
1.21019 
7.1x107 

2.8х10-!3 


6.3x 1075? 
1x 10777 

7.9x1077 
40х10! 
2.0x1075 
6.3x107?^ 
2.5х10-48 
5x 0-15 

1x 1077 

1.6% 107%? 
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HeS (red) 4x 10755 UO,HPO, 2.14x 107! ! 
MnS (flesh coloured) 2.5x10-!" Sulfates/Sulfites 

MnS (green) 2,5x1075 Ag,SO, L2x10-5 
NiS (a) 332x107? Ag, SO, 1.5 0-14 
NiS(B) 1x 1974 BaSO, |. 1x 10710 
NiS (y) 2x107% CaSO, 7.1x1075 
PbS 2.5х10727 PbSO, I.8x 1075 
Sb,S, 16x 10°" SrSO, 32x107? 
sns |х 10775 Ferrocvanides/ Ferricyanides 
ZnS (ct) 16x 10774 Ag,[Fe(CN),] 1.5 10-4! 
А 2.5x1077? Ag,[Fe(CN),] 1x1077? 
Phosphates Ba.[Fe(CN),] 3x10 
Ag;PO, 1.310720 Cu;[Fe(CN),] 1.3х10—!9 
AIPO, 5.75x 107"? Fe,[Fe(CN),], 3x107! 
Ba,(PO,), 6.03* 10%" Ni,[Fe(CN),] 1.3x10775 
BiPO, 13x10 Pb.[Fe(CN),] 3.5x10715 
CaHPO, 27x107 (UO, ),[Fe(CN),] 7.0х10-!4 
Са; (РО, ), 2.110753 Zn;|Fe(CN),] 4.1 x 10716 
CrPO, (green) ~2.5х10-3 Oxalates/Cobaltinitrites 

CrPO, (violet) 1510717 Ag,C,0, 3.5x10-"! 
Cu,(PO,), 1.7x1077 ВаС,О, 1.11077 
FePO, 13x10 CaC40, 2.3x 107? 
Mg,(PO,), 1x107" Fe(C,0,) 2x107 
NH,MgPO, 2,5x1075 M2C;0, 8.6x1075 
Pb.(PO,), 7.9x103? NiC,0, 4x107" 
Sr.(PO,), 6.031077 PbC,O, 48* 10-1 
Zn,(PO,), 9.1«10%3 $rC,0, 5.6% 10 
Th,(PO,), 2.57% 10-7 K;[Co(NO,),] 43* 10-1 
Zr,(PO,), 1.210132 K,Na[Co(NO,,] X 22x10 
NH,UO,PO, 4.41077 (NH,&[Co(NO,,] —76x10* 
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Solubility Products in Acid (K, 4) of Some Metal Sulfides at 25°C 
Solubility equilibria in acid: 
MS(s) + 2H,0* = M?*(ag) + H,S(aq) + 29,000) 
Kena = ДН) мн zi 
[НОГ] 


Metal sulfide (formula) Kon 
Cadmium sulfide (CdS) 8x1077 
Cobalt (11) sulfide (CoS) 4» |o! 
Copper (11) sulfide (CuS) 6x106 
Iron (П) sulfide (FeS) 6x10 
Lead(II) sulfide (PbS) 3x107 
Manganese(II) sulfide (MnS) 3x10" 
Mercury (II) sulfide (HgS) 2x10 
Nickel (11) sulfide (NiS) 8x107! 
Silver (I) sulfide (Ag,S) 6x100 
Tin (1) sulfide (SnS) 1x1075 
Zinc sulfide (ZnS) 3x107 
Appendix-A7 


Overall Stability Constants (log B) of Some Metal Complexes with Common Ligands at 25°С 
Overall complex formation equilibria: 
M"*(ag) + xLíag)" = MLY (ag) 
в Mis ag) 
[M"* /ag)][Lraq) | 


(* Neutral molecular complexes in solution are indicated by asteric mark). 


Ammine complexes: [Co(NH,)2*] 4.39 
[Ag(NH,)3] 7.24 — — 
[Cd(NH4);*] 6.56 Cu(NH,X*] eas 
[(Co(NH,),"] 35,21 [Hg(NH.X*] 123 


VS — 
——— — — 





Appendix-A7 (Continued) 
[Ni( NH; *] 8.70 [PbCI;] 2.04 
[Z( NH,7*] 8.70 [5С] 1.48 
Fluoro complexes [ТЇСЇ] 17.47 
[А!Е”] 20.67 [РАС] 11.3 
[BeF;-] 1638 [PdCI?"] 15.5 
[FeE;- ] -16.10 Cyano complexes 
[TiOF; ] 17.5 [A&(CN);] 19.45 
[UO;Fj"] 11.7 [Ag(CN)]] 19.42 
[VOF] 72 [ССМ] 17.11 
[ZrF? ] 2345 [Cu CN); ] 30.30 
Hydroxo complexes [Fe(CN); ] 24.0 
[AIOH);] 33.0 [Fe(CN);-] 31.0 
[Bi(OH);] 352 [Hg(CN);] 41.51 
[Cu(OH)?] 18.5 [Ni(CN);] 31.0 
[Fe(OH); | 8.56 [ZCN] 19.0 
[Pb(OH); ] 133 Acetato complexes (CH,COO- = Ас”) 
[Sb(OH);] 38.3 [Cd(Ac)]' 228 
2513 [Са(Ас);7] 2.00 
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Oxaloto complexes (С 01 = ох?) 


[Al(ox);"] 
[Cd(ox)5-] 
[Ce(oxy-] 
[Co(ox)1 ] 
(Си(ох);7] 
[Fetox)1"] 
[Ре(ох); ] 
[Mn(ox 5 
[Pb(ox) 7] 
[Sr(ox)] * 
[Zn(oxi 7] 
[ох] 


1,10-рһепатйгойте (phen) complexes 


[Fe(phen)*] 
[Ni( phen);* ] 
[Co(phen);*] 
[Cu(phen?*] 
[Zn( phen):*] 
[Cu( phen);*] 


lodo complexes 


[Agl;] 
[Agli 
[Bilg ] 
[Cul;] 
[Heli] 
[РЫ] 
(20147) 


16.30 
5.77 
11.30 
9.7 
10.3 
5.22 
20.2 
5.25 
6.54 
2.54 
7.36 
8.15 


21.3 
24.8 
19,90 
16.00 
12.15 
21.35 


11.74 
13.10 
19.1 
8.85 
29.83 
3.92 
- 23 





Thiosulfato complexes 


[Ag(S,0,)5 ] 
[С4(5,0,)57] 
[Cu(S,0.) ] 

[Cu(S,0. 5] 
[(Cu(S,0, E] 
195,027] 
[90(50;)47) 
[РЫ 8,0): 
[Р5,0;)17] 
[РЫ5,0;)4 ] 
[205,057] 


Thiocyanato complexes 


[Ag(SCN) | 
[Ag(SCN); ] 
[Bi(SCN);] 
[Bi(SCN)?"] 
[Co(SCN)]] 
[Cr(SCN?] 
[Cu(SCN);] 
[Cu(SCN); ] 
[Fe(SCN)^*] 
[Fe(SCN);] * 
[Fe(SCN), ] 
[Hg(SCN),] * 


[He(SCN); ] * 


[Cu(SCN).] * 
[Cu(SCN); ] 
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13.46 
6.48 
10.27 
12.22 
12.29 
29.86 
33.61 
5.13 
6.35 
72 
4.59 


8.23 
9.67 
3.4] 
423 
2.2 
3.8 
12,11 
10.05 
3.03 
4.63 
3.23 
17.47 
19.77 
3.65 
6.52 
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Phosphato complexes [Fe(H,PO,"*] 3.5 

[Fe(HPO,)'] 9.75 [Fe(H,PO,),7] 9.15 

[Ca(HPO,)]* 270. (UO,(H,PO,)"} 3.0 

[МИНРООГ m UO,(H;PO,).- 733 

[AKH,PO,"] 30 | — An i 

[Ca(H;PO,*] 1.08 [Се(РО,)] 3 
Appendix-A8 


Standard Reduction Potentials (E^) of Some Common Redox Couples at 25°С 
Half-reaction: Ox + ne + mH* = Red + (m/2)H,O 
(n > |, m > 0) 
Nernst equation : Е = E? + 0059 og, n 


Red 
(dox = agay = 1M, 9 yt = IM, a, = 1M) 






Half-reaction E* быр 
DIE TRE agp 287 
O,(g) + 2H*(ag) + 2e + O,(g) + H,O(T) 498 
cs Solids 201 
Hoan + aw (ag) + 2 ә 2H,0(l) 136 
—— E m 








if + og) + вор +26 >P 
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СО + |4Н` (ад) + бе — 2Сг (ag) + 7H,0() 
Os(g) + AH*'(aq) + 4e > 2H,0(1) 

MnO»(s) + 4H*(ag) + 2e — Мп2* ад) + 2H,0/) 
ШО, (ад) + 12H*(aq) + 10e — 1,5) + 6H,0/) 
Вг) + 2e — 2Br (aq) 

HNO,(aq) + Над) + e — NO(g) + но) 
МО, (aq) + 4H'(ag) + Зе ә NO(g) + 2H,0/) 
2Hg** (ау) + 2e = Наз? (aq) 

НО, (ag) + H,O/l) + 2e — 3OH"(ag) 

Hg^*(aq) + 2e — Hgil) 

СО (ад) + H,O/fl) + 2e — СІ ад) + 20H"(aq) 
Ag'(ag) + e > Ар(5) 

Низ” (ац) + 2e — 2Hgjl) 

NO, + 2H'(ag) + e > NO,(g) + H,O/) 

Без" (аф) + e — Fe^ (aq) 

O(g) + 2H*(ag) + 2e + H,O,/(aq) 

MnO, (ag) + e ә MnO;j (aq) 


H,AsO,(ag) + 2H'(ag) + 2e — Н,АѕО, (ад) + Н,О() 


(s) + 2e — 2l (aq) 

Cut fag) + e -> Сиб) 

H,SO,(ag) + 4H'(ag) + 4e — S(s) + 3H;OrT) 
O,(g) + 2H,0/l) + 4e — 4OH (aq) 

Cu^*(ag) + 2e — Cus) 

BiO*(ag) + 2H'(aq) + Зе — Виз) + H,O(l) 
Hg,Cl,(s) + 2e — 2Hg(l) + 2Cl faq) 

AgClís) + e — Agís) + Cl'(ag) 

SO} (aq) + 2H*(ag) + 2e — 5027 (aq) + Н,0() 
Cu^*(ag) + e — Cu'(ag) 

Sn**íaq) + 2e — Sn?'(aq) 


1.33 
1.23 
1.22 
1.20 
1.09 
0.98 
0.96 
0.92 
0.88 
0.85 
0.81 
0.80 
0.80 
0.79 
0.77 
0.70 
0.56 
0.56 
0.54 
0.52 
0.45 
0.40 
0.34 
0.32 
0.28 
0.22 
0.17 


0.15 
0.15 
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Sis) + 2H* + 2e — H,S/aq) 0.14 
AgBrís) + e — Agís) + Вг (ац) 0.07 
2H" (aq) + 2e — Hyg) 0.00 
Fe" (ag) + Зе — Fels) -0.04 
Pb?*(ag) + 2e — Pbís) 0.13 
CrO} (aq) + 4H,0(l) + Зе — СОН), (к) + SOH"(ag) -0.13 
Sn™* ад) + 2e > Sní(s) -0.14 
Aglis) + e — Agís) + 17(00) -0.15 
М Чад) + 2e — Nifs) -0.26 
Co?*(ag) + 2e — Cols) -0.28 
PbSO,(s) + H'íag) + 2e — Pbís) + HSO,'(ag) -0.296 
TI" (ag) + e — Ths) -0.34 
Se(s) + 2H" (ag) + 2e — H,Se(aq) -0.40 
Cd" (ag) + 2e > Cdís) -0.40 
С?" (аф) + e > Сг2* 20) -0.41 
Fe*íag) + 2e — Feís) -045 
2CO,(g) + 2H*(aq) + 2e + H,C,0,(ag) | -045 
Cr" (ag) + Зе — Cris) .74 





| naq) + 2e — Zn(s) 
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Reagents used in Qualitative Inorganic Analysis 
* Reagents of limitted stability, should not be kept longer than one month. 


$ Reagents should be freshly prapared in small quantities and then discarded after use. 
# Toxic chemicals, to be handled with CAUTION 
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Strengths of Concentrated Acids 













. Acetic acid [glacial] (CHCOOH) 
2. Hydrofluoric acid (HF) 

3. Hydrochloric acid (HCI) 
4. Hydrobromic acid (HBr) 
5. Hydroiodic acid (HI) 

6. Nitric acid (HNO,) 

7. Sulfuric acid (H,SO,) 

8. Phosphoric aicd (H,PO,) 
9. Perchloric acid (HCIO,) 





Aqua-Regia: Immediately before use, mix 3 volume of concentrated hydrochloric acid with 
| volume of concentrated nitric acid. The solution does not keep well. Perform all operations 
with aqua-regia under FUME CUPBOARD. 

Chromosulfuric acid (Chromic acid): Dissolve 10 g of potassium dichromate (KCrO) 
or sodium dichromate (Na,Cr,0,) in minium volume of water in a beaker. Add ~100 m/ of 
concentrated sulfuric acid carefully while stirring with a glass rod. Cool to room temperature. 
Preserve the dark brown solution in a clean well stoppered glass bottle. The solution has strong 
oxidizing and dehydrating properties. It should be handled with great caution (preferably using 
eye glasses and hand gloves). It is a very good cleansing agent for glass apparatus. For best 
result, the mixture should be left over night in the glass vessels to be cleaned. So long the 
colour is brown, the used portion may be poured back into the original stock. As brownish 
colour slowly changes to green, the mixture should be poured into a large volume of water 
and discarded. Ammonium dichromate, (NH,),Cr,O,, should not be treated with conc.H, 50, 
as it may explode due to heat of reaction. 





Appendix-B2 


Strengths of Diluted Acid Solutions 


Approximate 
Normality (N) 
Acetic Acid SN Dilute 285 ml of glacial acetic acid to | litre with 
water 
115 ml/litre 
Hydrochloric acid R Dilute 430 m/ of conc.HCl to 1 litre with water, 
175 ml/litre 
Sulfuric aicd 5N Pour ~140 m/ of conc.H,SQ, slowly with constant 
stirring into 500 ml of water in a beaker, cool to 


room temperature and dilute to | /itre with water. 
56 ml/litre 
Nitric acid 5N Dilute 310 m/ of conc. HNO, to | /itre with water. 
2N 125 ml /itre. 
Sulfurous acid -0.3N Saturated solution of SO,/g) in water. 
(SO,-water) (~6-7% by 
weight) 
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/ 


Strengths of Dilute Solutions of Bases (Alkalies) 


Approximate glit. (or тїй!) 


Concentrated ISN Commercial product may be used directly. 
ammonia solution | (sp. gr. 0.88, 
28% by wt.) | 


5N 
2N 


5N 





































Dilute ammonia 
solution 


Sodium hydroxide 
(caustic soda) 

solution 
Potassium hydroxide 
| (caustic potash) 


| solution 


Dilute 335 т! of conc. NH, to | /itre with water. 
~135 ml/litre. 

Dissolve ~220 g of pure NaOH(~90%) in 
water and dilute to | lire. 
88 g/litre. 

| Dissolve ~125 g of pure KOH (~90%) in 
water and dilute to 1 /itre. 




















2N 
2N 
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glit (or тїй!) 










Calcium hydroxide 


| | Shake ~2-3 g of calcium hydroxide with ~1 
solution (lime-water) 


litre of water, allow to stand for a few minutes and 
, Syphon off or filter the liquid, which is a saturated 
solution of calcium hydroxide. Preserve in a corked 
(rubber cork) bottle, protecting from air ( CO,). 

Shake ~70 g of crystallized barium hydroxide 
(baryta), Ba(OH),.8H,O, with —1 /itre of water. 
Allow to stand for a few minutes. Syphon off 
or filter the liquid, preserve in a corked (rubber | 
cork) boltle, protecting from air (CO, ). 






















Barium hydroxide 
solution (baryta- 
water) 
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Common Acid-Base Indicator Solutions 


Indicator (pH-range) Concentration Procedure 
(Colour : Acid — Base) 


Methyl orange (3.1-4.4) 0.19 of methyl orange in 100m/ of 
water. (orange-red — yellow). 











. | Methyl red (4.2-6.2) 





Dissolve 0.1g of methyl red in 1005 
of 60% (v/v) ethanol. (red — yellow). 
Dissolve 0.05g of bromothymol blue 
in 100 т! of 20% (v/v) ethanol. 
(vellow to blue). 
Dissolve 0.12 of phenol red in 100 m/ 
| of 20% (v/v) ethanol. (yellow — red). 
| Dissolve 0.1g of  phenolphthalin 
| [C,H,(COOH)CH(C,H,OH), ], in 
100ml of 60% (v/v) ethanol. 
(colourless — purple). 
Dissolve 0.1g of bromocresol green in 
100 mí of 20% (v/v) ethanol. 
(yellow — blue). 
0.2g of methyl red and 0.1g of 
methylene blue in 100 т/ of 96% 
ethanol. (red-violet — green) 






Bromothymol blue (6.0-7.6) 








Phenol red (6.8-8.4) 











Phenolphthalin (8.2-10.0) 










Bromocresol green (3.8-5.4) 










Mixed Indicator 
Methyl red & 
Methylene blue (4.6) 
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Solid Reagents 
Trivial Name Chemical Formula 
Aluminium (foil, powder) А! 
Aluminium alum K,50,.A1,(SO,),.24H,0 
Aluminium oxide AlO, 
Aluminium phosphate AIPO, 
Aluminium sulfate Al,(SO,),.18H,O 
Ammonium acetate CH,COONH, 
Ammonium bifluoride NH,HF, 
Ammonium bromide NH,Br 
Ammonium carbonate (NH,),CO, 
Ammonium chloride NH,CI 
Ammonium dichromate (NH,),Cr,0, 
Ammonium dihydrogenphosphate NH,H,PO, 
Ammonium fluoride NH,F 
Ammonium molybdate (NH,),M0,0,,.4H,0 
Ammonium nitrate NH,NO, 
Ammonium oxalate (NH,),C,0,.H,O 
Ammonium peroxodisul fate (NH,),5,0, 
Ammonium sodium hydrogenphosphate © NH,NaHPO,.4H,0 
(Microcosmic salt) 
Ammonium su (NH,),SO, 





hot 
yal 
™ — 
-e | 
| ? 
- я [] 1 
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Barium hydroxide 
Barium nitrate 
Barium nitrite 
Barium oxide 
Barium sulfate 
Barium sulfide 
Barium thiosulfate 
Bismuth oxychloride 
Bismuth oxynitrate 
Bismuth nitrate 
Bismuth phosphate 
Bismuth sulfide 
Borax 

Boric acid 


Cadmium carbonate 
Cadmium chloride 
Cadmium iodide 
Cadmium phosphate 
Cadmium sulfate 
Cadmium sulfide 


Calcium (metal powder) 


Calcium carbonate 


Calcium chloride (anhydrous) 


Calcium chromate 
Calcium fluoride 
Calcium hydroxide 


Calcium hydrogenphosphate 


Calcium iodate 
Calcium nitrite 
Calcium phosphate 
Calcium sulfate 
Calcium sulfite 





Ba(OH),.8H,O 
Ba(NO. ), 
Ba(NO,),.4H,0 
BaO 

BaSO, 

BaS 

Ва5,0, 

ОС! 
BiO(NO,) 
Bi(NO,),.5H,0 
BiPO, 

BiS, 

Na, B,0,.10H,0 
H,BO, 


Сасо, 
Сасі,.хН,О (x71, 2%) 
Cdl, 

Cd (PO); 
CdSO,.(8/3)H,0 
CdS 

Ca 

CaCO, 

CaCl, 

CaCrO, 

CaF, 

Ca(OH), 
CaHPO, 
Ca(103); 
Ca(NO,),.4H,O 
Ca,(PO,), 
CaSO,.2H,O 
CaSO,.2H,O 
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Chrome alum 


Chromic акч 





K,S0,.Cr,(SO,),.24H,O 
Cro, 


Chromic oxide Cr,0, 
Chromium phosphate CrPO, 
Cobalt carbonate CoCO, 
Cobalt oxide CoO 

Cobalt sulfate CoSO, 
Cobalt sulfide CoS 

Copper (turnings, Cu-T) Cu 

Copper (П) arsenate Cu,(AsO,), 
Copper (11) chloride CuCl,.2H,O 
Copper (1I) nitrate Cu(NO,),.6H,O 
Copper (II) oxide CuO 

Copper (11) sulfate CuSO,.5H,0 
Copper (II) sulfide CuS | 


Davarda's alloy 


Cu (50%), Al (45%), Zn (5%) 


E pmp 


Disodium hydrogenphosphate Na, HPO,.2H,O 
C,H-O(C=S)SK 


NaCO, + K,CO, (1:1) 


Ethyl potassium xanthate 


Fusion mixture 


Glass wool 

Hydrazine sulfate N,H,.H,SO, 
Hydroquinone (quinol) p-C,H,(OH), 
Hydroxylamine hydrochloride NH,OH.HCI 
lron (fillings, nails, wire) Fe 


Iron (II) ammonium sulfate (Mohr's salt) (NH,),SO,.FeSO,.6H,O 
Iron (П) sulfate (Ferrous sulfate) FeSO,.7H,O 
Iron (11) ammonium sulfate (Ferric alum) (NH,),SO,.Fe,(SO,),.24H,0 
Iron (Ш) chloride (Ferric chloride) FeCl,.xH,O (x = 2, 6) 
Iron (III) nitrate (Ferric nitrate) Fe(NO,),.6H,O 
Iron (Ш) oxide (Ferric oxide) Fe,0, 
Iron (11) phosphate (Ferric phosphate) — FePO, 
1672 | 





Appendix-B5 (Continued) 


L Lead (crucible with lid) Pb 
Lead arsenate Pb.(AsO,), 
Lead acetate (solution, paper) (CH,COO),Pb.2H.,O 
Lead bromide PbBr, 
Lead carbonate PbCO, 
Lead chloride PbCl, 
Lead chromate PbCrO, 
Lead iodide РЫ, 
Lead nitrate РЫМО,), 
Lead oxide: (Red lead); lead dioxide PbO; (Pb,O,); PbO, 
Lead phosphate Pb, (PO) 
Lead sulfate PbSO, 
Lead sulfide PbS 


Litmus (test) paper (red & blue) — .  ... 
M Magnesium metal (powder, turnings) Mg 


Magnesium carbonate MgCO, 

Magnesium chloride MgCl,.6H,0 

Magnesium nitrate Mg(NO,),.6H,0 

Magnesium oxide MgO 

Magnesium phosphate Mg,(PO,), 

Manganese dioxide MnO, 

Manganese (11) sulfate MnSO,.xH,O (x 71, 4, 5, 7) 
Manganese (II) metaborate Mn(BO,), 

Mercury (1) chloride (calomel) Hg,Cl, 

Mercury (II) chlorie HeCl, 

Mercury (ЇЇ) nitrate (solution, paper) (Н+) (НЕМО, 57] 

Mercury (П) iodide Hel. 

Mercury (II) oxide HgO (yellow) 

Mercury (11) sulfide HgS (yellow & black) 
Microcosmic salt cf. ammonium sodium hydrogenphoshate 
Mohr's salt cf. iron(II) ammonium sulfate 


N. Nickel metal (crucible, lid, foil, spatula) Ni 
Nickel carbonate NiCO, 
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Nickel oxide 
Nickel sulfate 
Nickel sulfide 


(хас acid 


Phenol (carbolic acid) 





NiO 

NISO,.xH4O (x=6, 7) 
NiS 

H,C,0,.2H,0 
C,H,OH 


Platinum metal (foil, crucible. wire, spatula) Pt 


Potassium antimonytartarate 
Potassium bromate 

Potassium bromide 

Potassium carbonate 

Potassium chloride 

Potassium chromate 

Potassium cyanide (Poisan) 
Potassium dichromate (crystals) 
Potassium dihydrogenphosphate 
Potassium ferricyanide 
Potassium ferrocyanide 
Potassium fluoride 

Potassium hydrogenfluoride 
Potassium hydrogensulfate 
Potassium hydrogentartarate 
Potassium hydroxide 

Potassium iodate 

Potassium iodide 

Potassium nitrate 

Potassium nitrite 

Potassium periodate 

Potassium permanganate 
Potassium peroxodisulfate 
Potassium-sodium tartarate 
(Rochelle salt, or, Seignet salt) 
Potassium thiocyanate 


К. Resorcinol 


K(Sb=0)C,H nus ^\Н„О 
КВго, 

КВг 

K,CO..(14)H.O 

KCI 

KCrO, 

KCN 

K,Cr,O. 

KH,PO, 

K.[Fe(CN),] 

K ,[Fe(CN),].3H,0 

KF 

KHF,.xH,O (x = 2, 4) 
KHSO, 

KHC,H,O, 
KOH.xH40 (x = 1 2, 4) 
кю, 

KI 

KNO, 

KNO, 

кю, 

KMnO, 


K,5,0, 


KOOC-CH(OH)CH(OH).COONa.4H,0 


KSCN 
1,3 - C,H (OH), 
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S. Salicylic acid 


Sulfosalicylic acid 

Silica 

Silicic acid 

Silver metal (wire, foil, spatula) 
Silver chloride 

Silver chromate 

Silver nitrate 

Silver sulfate 

Sodalime 

Sodium metal (Caution) 
Sodium acetate 

Sodium arsenate 

Sodium arsenite 

Sodium azide 

Sodium bismuthate 

Sodium bromide 

Sodium carbonate (anhydrous) 
Sodium chloride 

Sodium cobaltinitrite 

Sodium dithionite 

Sodium fluoride 

Sodium formate 

Sodium hydrogencarbonate 
Sodium hydroxide 

Sodium hypophosphite 
Sodium nitrate 

sodium nitrite 

Sodium nitroprusside 
Sodium oxalate (Sorensen's salt) 
Sodium perchlorate 

Sodium peroxide (Explosive) 
Sodium peroxoborate 





1 2-C,H (COOH (OH) 
1,2,5-C,H.(COOHX OH)SO,H) 
SiO, 

SIO,.xH,O 

Ag 

AgCI 

Ag;CrO, 

AgNO, 

Ag,SO, 

NaO.CaO (~ 1:4) 
Na 
CH,COONa.3H,0 
Na, AsO, 

NaAsO, 

NaN, 

NaBiO, 

NaBr 

Na,CO, 

NaCl 
Na,[Co(NO, ),] 
Na,5,0,.2H,0 
NaF 

HCOONa 
NaHCO, 

NaOH 

NaH,PO, 

NaNO, 

NaNO, 
Na,[Fe(CN),NO].2H,O 
Na,C,0, 

NaClO, 

Na, O, 
NaBO,.4H,0 
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U. 


Sodium phosphite 

Sodium sulfate (anhydrous) 
Sodium sulfite (anhydrous) 
Sodium tetraborate (borax) 
Sodium thiosulfate 

Starch 

Sulfamic acid 

Sulfur (powder) 

Strontium carbonate 
Strontium nitrate 

Strontium chromate 
Strontium sulfate 
Strontium phosphate 
Strontium molybdate 


Tartaric acid 

Tin (granulated, globules) 

Tin (1) chloride (stannous chloride) 
Tin (II) sulfide 

Tin dioxide 

Thiourea 





Na, HPO,.5H,O 
Na,SO, 

Na,SO, 
Na,B,O,.10H,O 
Na,$,0,.5H,O 
(C, H440,), 


HOOC.CH(OH).CH(OH).COOH 


Sn 
SnCl,.2H,0 
SnS 

SnO, 


2h 


atreoee 


UO,(CH,COO),.2H,0 
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Ce 


Mo 


Th 


Ti 





Compounds of Rare Elements 


Trivial name 
Beryllium hydroxide 
Beryllium nitrate 
Beryllium oxide 
Beryllium sulfate 


Ceric ammonium nitrate 
Ceric oxide 
Ceric ammonium sulfate 


Ceric sulfate 


Ammoium molybdate 
Molybdie acid 
Phosphomolybdic acid 
Molybdenum disulfide 
Sodium molybdate 


Thorium dioxide 

Thorium nitrate 

Thorium sulfate 

Potassium thorium sulfate 
Thorium iodate 

Titanium dioxide 

Titanium hydrogenphosphate 
Potassium titanium fluoride 
Titanium sulfate 


Ammonium diuranate 

Uranyl ammonium phosphate 
Urany! hydrogenphosphate 
Uranyl carbonate 

Uranium oxides 

Uranyl nitrate 


Chemical formula 
Be(OH), 
Be(NO,),.4H,0 
BeO 

BeSO,.4H,O 


(NH,),Ce(NO,), 

СеО, хН,О 

Ce(SO,),.2(NH,), SO,.2H40 
Ce(SO,),.4H,0 


(NH,),Mo,0,,.4H,0 
MoO,.2H,0 

H3[PMo 0,0] 

MoS, 

Na,MoO, 


ThO,.xH,O 

Th(NO,),.xH,O (x = 4, 5) 
Th(SO,),.*H,O (x 74, 6, 8, 9) 
K,[Th(SO,),] 

ТАТО, ); 


TiO, 
Ti(HPO,), 
K,TiF, 
TiOSO,.H,O 


(NH,),U,0, 
UO,(NH,)PO, 
UO,HPO,. 
U0,CO, 

UO,, 0, 
UO,(NO,),.6H,0 
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У. Ammonium vanadate NH,VO, 
Vanadium pentoxide V0; | 
Vanadyl sulfate VOSO,.xH4O (x = 2, 5) 

Sodium vanadate NaVO, 

W. Tungstic acid WO,.2H40 
Sodium tungstate Na,WO,.2H,0 | 
Phosphotungstic acid НРО (М 0, ,)) | 

Zr. Zirconium dioxide ZrO,.XH,O | 
Zirconium fluoride ЛЇЇ .xH40 (x = 1, 3) | 
Zirconyl chloride ZrOCI,.8H,O | 
Zirconyl. nitrate ZrO(NO,),.2H,0 | 
Zirconium hydrogen phosphate Z(HPO,),.xH,0 (x = 1, 2) 
Zirconium sulfate Zr(SO,),.4H,0 
Ammonium zirconium sulfate (МН,),[2080,),].3Н,0 

Appendix-B6 


Organic Liquids and Solvents 


Organic liquids B.P(*C) Physical nature | 
|density.g.cm™| 


|l. Acetone Clear colourless volatile liquid with 


























CH,COCH, characteristic odour. 
2. Acetylacetone Colourless liquid, commercial product is 
CH,CO.CH,CO.CH, Slightly yellow. 
Colourless liquid with pungent odour. | 





CAUTION: | i — Preserve 
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Organic liquids B.P(*C) Physical nature 
| [density.g.cm?| 


б. Benzene (C,H, 81.1 Clear, colourless, highly inflamable 
[0.8787] liquid with characteristic odour. 
CAUTION: Don't inhale. 









































. Carbon tetrachloride (CCI,) 76.7 


[1.589] 
61-62 
[1.484] 


Colourless, clear, non inflamable heavy 
liquid with characteristic odour. 









8. Chloroform CHCI” 
(Anesthetic) 


Colourless, sweet smelling liquid, 
CAUTION: Don't inhale chloroform 
vapour, Preserve in a metal box under a 
cupbrard provided with exhust. 





















' 

9. Ethanol (anhydrous)* 
Absolute alcohol 
C.H,OH 


78.5 
[0.798] 


Commercial product (~99.7% C.H ,OH). 
Sold under permit. 

CAUTION: Inflamable, preserve in 
metal box or under cupboard. 


Commercial product (~95-96% C,H.OH) 
Sold under permit 

CAUTION: Inflamable. Preserve in 
metal box or under a cupboard. 


80 m! of 96% ethanol and 16 m! of} 
water. Sold under permit. 

CAUTION: Inflamable. Preserve in 
| metal box or under а cupboard. 











, Ethanol (96%) 
Ethyl alcohol 









. Ethanol (80%) 
Rectified spirit 


















. Ethylacetate Colourless pleasant smelling liquid. 
CH,COOC,H, 

13. Ethylamine* 

CH,CH,NH, 













Flamable liquid, ammonia odour, 
strongly alkaline reaction. | 
Dissolve 4.5g of ethylanine in 100 ml 
of water, or, dilute | т/ of 70% 
| ethylamine with water upto 100 ml. 

Colourless, thick, volalite liquid with 
characteristic ammonia odour. Forms 
white fumes in contact with moist air, 
gradually turns sticky brown liquid on 
exposure to air. 















116-117 
[0.898] 


14. Ethylenediamine* 
H,NCH;CH;NH; 
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Organic liquids 


15. Formaldehvde solution 
(40% HCHO), Formalin 






В.Р(°С) 
|density.g.cm?| 


| Physical nature 


Commercial product is 40% HCHO, i.e, 
40 g of HCHO per 100 mi of solution. 
It has а characteristic pungent odour. It 
contains some methanol as stabilizer. 
White solid, paraldehyde, precipitates on 
long standing. 


Mix 10 ml of 40% formaldehyde solution 
(formalin) with 30 m/ of water. 



























16. Formaldehyde solution 
(10% HCHO) 















290 
[1.262] 


10% 






17. Glycerol 
CH,(OH)CH(OH)CH,(OH) 


Syrupy liquid, sweet warm taste. 
' 









18. Mannitol Dissolve 10 g of mannitol, C.H,,O, in 
water, neutralize with 0.01 M. sodium | 
hydroxide solution using bromothymol 
blue indicator up to a just green end 


point, dilute to 100 m/ with water. 

















19. Methanol (Methyl alcohol) 
CH,OH 


Colourless inflamable liquid with 
characteristic. odour. 


CAUTION: Deadly poisonous, should 
never be tested nor inhaled or exposed 
to. Inflamable. Preserve in a metal box 
or in а cupboard. 











Clear colourless flamable liquid in pure 
state, having characterstic disagreeable 
odour. 

CAUTION: Should never be inhaled or | 
touched or exposed to. Preserve in a 
sealed dark coloured bottle in a refrig- | 
erator. 
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Solutions of Salts of Some Common Cation and Anion Radicals 


Approximate Procedure 
strength 


1. Aluminium sulfate 10.7 g of AL(SO,)..16H,0 dissolved in. 

Al (SO )..16H,0[630] 100 m/l of water, or 16 g of 
Al,(SO,),.K,S0,.24H,O dissolved in 
100 ml of water, Add 3-4 drops of H,SO 4- 


231g of the salt dissolved in 1 litre of 
water. 



























ы 


Ammonium acetate: 
NH,COOCCH, [77] 


3. Ammonium carbonate: 
(NH,),CO;: The commercial 
salt is a 1:1 mixture of 
ammonium bicarbonate 
(NH,HCO,) and ammonium 
carbamate NH,COONH,. 







Dissolve ~160 g of the salt in a 
mixture of 140 m! of concentrated 
ammonia and 860 m/ of water. 























| ~270 g of the salt dissolved in 1 litre 
| of water. 


4 Ammonium chloride: 
NH,CI[53.5] 








5. Ammonium nitrate: 
NHNO, [80] 


6. Ammonium oxalate: 
(NH,),C,0,.H,O [142] 


7. Ammonium sulfate 


80 g of the salt dissolved in | litre 
| of water. 








35 g of the salt dissolved in 1 /itre 
of water. 







132 е of the salt dissolved in | litre 










(NH,),80,[132] of water. 
8. Ammonium molybdate Method - 1: Dissolve 45 g of the com 
(NH,),Mo,0,,.4H,O mercial salt or 40 g of pure molybdic 






acid, MoO,, in a mixture of 70 mi of 
concentrated ammonia solution and 140 
ml of water. When the dissolution is 
complete, add this solution slowly with 
vigorous stirring to a mixture of 250 ml 
of concentrated HNO, and 500 mi of 
water. Dilute to | /itre, allow to stand 
overnight, collect the clear solution by 
decantation. 


(ammonium paramolybdate): 
[1235.8] 
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Salts [F.W] | Approximate Procedure 
| strength 


Note: (1) The alkaline solution Method - 2 : Dissolve 45g of the 

of ammonium molybdate commercial salt in a mixture of 40 mi of 
(method-2) keeps better than concentrated ammonia and 60 т of 
the acidic solution /method- 1) water, Add 120 g of ammonium nitrate, 
stirr to dissolve the salt and dilute the 
mixture to | Jifre with water. 













































(2) Before using the alkaline 
solution of ammonium 
molybdate, it has to be made 
slightly acidic with HNO.. 
(3) Acid solution of 
ammonium molybdate has a 
tendencv to separate solid 
(possibly) MoO,, such 
tendency 15 much less with 
the alkaline solution. 




















. Colourless ammonium 
sulfide solution (actually 
NH,HS solution) 


Pass H,S gas (Fume Chamber) into 
200 mí of ice cold conc. NH, solution 
until saturation. (1 mi of the solution 
should not form any precipitate with 1M! 
magnesium sulfate soltuton. 

Add a equal volume of conentrated 
ammonia and dilute to | /itre. Keep the 
solution in well corked brown bottles in 
the cold, away from direct light. 


Pass H,S (Fume Chamber) into 150 
m! of ice cold concentrated ammonia 
solution until saturation. Add 10 g of 
finely powdered flower of sulfur and 250 
ml of concentrated ammonia solution. 

Stir the mixture until the sulfur is 
dissolved, dilute to | /itre with water. 

Store in a dark coloured well corked 
bottle in а cool place away from light. 


7.6 g of NH,SCN dissolved in 1 litre 
| of water, 








Note: It is convenient to 
prepare this solution as and 
when required. Both H,S 

and NH. are lost on exposure 
to air and direct sun light. 


















10. Ammonium polysulfide, 

or yellow ammonium 
sulfide : (NH,)SS,. 

Note: Commercially 
available solution may also 
be used. 





















MH. (а) Ammonium thiocyanate : 
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Salts [F.W.] Approximate| — Procedure 
strength | 


(b) Ammonium thiocyanate: saturated | Shake | g of NH SCN with 5 ml of 
NH,SCN [76] (in acetone) 





















acetone. Use the clear supernatant liquid 
for the test. 


38 g of the salt dissolved in | litre 
of water. 






12. Barium chloride: 
BaCl,.2H,O [244.34] 


13. Barium nitrate: 
Ва(мо, ),.[261 34) 


14. Bismuth nitrate 








Dissolve 61 е of the salt in water and 
dilute to | litre 







Dissolve 65 g of the salt in water and 
dilute to | /itre. 














Dissolve 9.7 g of bismuth nitrate 
| pentahydrate, Bi(NO,),..5H,O in a mix- 
ture of 50 тЇ of water and 5 т! of 
concentrated nitric acid. Dilute the mix- 
ture to 100 тї with water. 





















15. Cadmium sulfate 0.25M 


3CdSO,.8H,0 


16. Calcium chloride: 
CaCl,.6H,O [219] 


17. Calcium sulfate : 
CaSO,.2H,0 [172] 


Dissolve 64 g of tricadmium sulfate 
octahydrate in 100 тї of water. 









0.25M Dissolve 55 g of the salt in water and 


dilute to 1 Де. 













0.015M 
(saturated ) 


Shake ~3g of the salt with | /itre of water 
for a long time. Allow to stand. Filter or 
syphon off the saturated solution after 
several hours. 














Dissolve 44 е of the salt in water and 
dilute to 1 Ле. 


18. Cobalt nitrate: 

Co(NO,),.6H,O [290.93] 
19. Copper (I) chloride 
reagent* 






Dissolve 9.9 of copper (1) chloride, 

CuCl, in a mixture of 40 m/ of conc.HCl 
and 60 ml of water by heating. Add a few 
strips of metallic copper to the solution. 


Dissolve 125 g of the salt in | /itre 
of water containing 3 m/ of concentrated 
sulfuric acid. 


Dissolve 8.8g of the salt in 100 mi of 
| M HCI solution. | 












20. Copper sulfate: 
CuSO,.5H,O [249.54] 












| 21. Chromium (III) chloride 
CrCl, 6H,0 [266.5] 
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Salts [F.W.] Approximate Procedure 
strength 


22. Disodium hydrogen 0.033M Dissolve either disodium hydrogen 
phosphate orthophosphate (anhydrous) : Na HPO, 
(4.2g), or, dihydrate: Na,HPO,.2H,0 
(6 g), or dodecahydrate : 

Na,HPO,.12H,O (12 g) in water and 
dilute to ] /itre. 





























Dissolve 7.6 g of disodium hydrogen 
arsenate heptahydrate, Na,HAsO,. 7H,0 
in water and dilute to 100 mi, 

3.04 g of the salt dissolved in 100 m/ of 
water, 


3. Disodium hydrogen 
arsenate [POISON] 




















Dissolve 135g of the salt in | /itre of 
water containing 20 m/ of concentrated 
hvdrochloric acid. 


. Ferric chloride 
FeCl..6H,O [270] 











25. Ferrous sulfate 
FeSO,.7H40 [277] 


Dissolve —140 g of the salt in 1 /itre 
of water containing 7 ml of concentrated 
sulfuric acid. 















, Lead acetate 
РЫООССН, ),.3H,0 [379] 


Dissolve 95 g of the salt in 1 /itre of 
water containing 10 m/ of glacial acetic 
acid. 















‚ Lead nitrate 
РЫМО, ),. [331.23] 


Dissolve ~83g¢ of the salt in | /itre of 
water adding 2-3 drops of concentrated 
nitric acid. 


Dissolve 62 g of the salt in | /itre of 
water. 
















. Magnesium sulfate 0.25M 


MgSO,.7H,O [246] 
29. Magnesia mixture 
MgCl,.6H,O [203] + 
NH,CI [53.5] 

















0.5M (Mg?*) 
2M (NH,") 
0.75M (NH,) 


Dissolve 100 g of magnesium chloride 
and 100 g of ammonium chloride in 
water. add 50 ml of concentrated 
ammonia and dilute to | /itre with water. 


Dissolve ~130 g of the salt and 240 g of 
ammonium nitrate in water, add 15-20 m! 
of concentrated ammonia and dilute to 
| litre. 

























30. Magnesium nitrate 
reagent: Mg(NO,),.6H,0 
[256] (ammoniacal) 


0.5M (Mg?*) 
3M (NH,") 
0.25M (NH) 
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Salts [F. W.] Approximate| - Procedure Е 
| strength 


3l. Manganous chloride reagent: | Saturated | Таке ~100 тЇ of concentrated hydrochlo- | 

MnCl,.4H40 [197.94] ric acid, add powdered manganous chlo- 
ride and stirr until the solution is saturated 
(те, no further ammount of the salt 
dissolves). 


Shake ~4g of MnSO,.4H,0 with 6 iml of 
water. Allow to stand for 24 hours, Use 
the clear supernatant liquid for the tests. 


Add | m! of 2M hydrochloric acid to 
5 ml of 0.05 M mercury (1) nitrte. Wash 
the precipitate 4-5 times with water by 
centrifugation. Suspend the precipitate in 
~5 ml of water. Preserve in a well corked 
bottle. 


Shake 7 g of mercury (II) chloride НЕСІ, 
with 100 mi of water, allow to stand for |. 
24 hours. Use the clear supernatant liquid 
for the tests. 

Dissolve ~1.4 g of НЕСІ, in water and 
dilute to 100 ml. 

Dissolve | g of НЕСІ, in 20 mi of 96% 
ethanol. 


Dissolve 2.81 е of mercury (1) nitrate 
dihydrate, Hg,(NO,),. 29,0, in a cold 
mixture of 50 тЇ of water and | т/ of 
concentrated nitric acid. Dilute the solu- 
tion to 100 m/ with water. 


Dissolve 11.9 е of nickel (II) chloride hexa 
hydrate, NiCL,.6H.,O, in 100 ml of water. 
Dissolve 14 g of nickel (II) sulfate 
heptahydrate, NiSO,.7H,O in water and 
dilute to 100 mli. 

Dissolve 5 g of potassium antimonate, 
K[Sb(OH),], in water and dilute to 100 mi. 






















32. Manganous sulfate 
MnSO,.4H,0 [222.94] 


Saturated 





33. Mercury (1) chloride 
(calomel) suspension* 
[POISON] 


Saturated 








34. Mercury (II) chloride 
|. [POISON] 


Saturated 












0.05M 





5% 
(in alcohol) 


35. Mercury (1) nitrate 0.05M 


[POISON] 


36. Nickel (П) chloride 





37. Nickel (Il) sulfate 







38. Potassium antimonate 
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Ё Salts [F.W.] Approximate 
" | strength | 


39. Potassium hromate Dissolve 1.67 g of potassium bromate, 
KBrO, in 100 mi of water. 


Dissolve 1.19 g of potassium bromide, 
KBr, in 100 m of water. 


Dissolve 7.46 g of potassium chloride in 
100 mi of water. 




















40. Potassium bromide 






41. Potassium chloride 


. Potassium chromate 
K,CrO, [194] 

43. Potassium cyanide 

KCN [65] 

44. Potassium dichromate 
K,Cr,0, [294] 

. Potassium ferricyanide 

K[Fe(CN),}. [328.85] 


Dissolve 49-50 g of the salt in | йге of 
water. 



















[Poison]. Dissolve ~3-3.5 g of the salt in 
100 mi of water. 






Dissolve ~5 g of the salt in 1 litre of 
Walter. 












4 
un 


Dissolve 10.98 g (—11 g) of potassium. 
ferricyanide, K.[Fe(CN),] in water and 
dilute to | /itre. 












| 46. Potassium ferrocyanide Dissolve 10.5 g of potassium ferrocyanide 












K,[Fe(CN),].3H,0 trihydrate, K,[Fe(CN),]. 3H,O in water 
[421.85] and dilute to | /itre. 

47. Potassium iodide Dissolve 83 g of the salt in | /itre of 
КІ. [166] , water. 











| Dissolve 2.14 g of potassium iodate, KIO, 
in 50 ml of hot water, cool and dilute to 
100 ml with water. 


Dissolve 10.1е of potassium nitrate, 
KNO,, in 1 litre of water. 

Dissolve 0.9 g of potassium nitrite, 
KNO,, in water and dilute to 100 ml. 
Dissolve ~3.2 g of the salt in | /itre of 
water, Allow to stand over night. Filter 
through glass wool. Preserve in dark 
coloured bottle away from light. 
Dissolve 28.2 g of potassium sodium 
tartarate tetrahydrate, KNaC,H ,O,.4H,0 
(Rochelle salt or Seignette salt) in water 
and dilute to 1 Jire. 


‚ Potasium todate 









. Potassium nitrate 









. Potassium nitrite 


















5 


, Potassium permanganate 
KMnO, [157.94] 









32. Potassium-sodium tartarate 





Appendix-B7 (Continued) 


Salts [F.W.| y Approximate Procedure 
strength 


53. Potassium sulfate Saturated | Shake 10 g of potassium sulfate, K,SO,, 
with 90 т! of water. Allow to stand for 
24 hours. Use the clear supernatant liquid 
for the tests. 




























54. Potassium thiocyanate 0.5M 


KSCN [97] 


| $5. Silver nitrate 
AgNO, [170] 

56. Silver sulfate 
Ag,SO, [312] 

57. Sodium acetate 
Na(OOCCH,).3H,O [136] 


‚ Sodium arsenite 


Dissolve 49 g of the salt in | /itre of 
water. 



















0.1M | Dissolve 17 g of the salt in | litre of 


water. 










0.025 (M) 
(saturated) 


3M 


Dissolve 8 g of the salt in | /itre of water. 















Dissolve 408 g of the crystallized salt in 
| litre of water. 








0.1M Disolve 1.3 g of sodium metaarsenite, 


NaAsO,, in water and dilute to 100 mi, 














59. Sodium carbonate 1.5M 


Na,CO,.10H,O [286] 
60. Sodium chloride [58.5] 


Dissolve 430 g of the crystallized salt in 
| litre of water. 








0.1 M Dissolve -5.85g of sodium chloride, 


NaCl. in water and dilute to | /itre. 


1.5 to 2g of the (AR) salt in 25 mí of 
water. 

Alternatively, dissolve ~0,7-0.8g of cobalt 
nitrate Co(NO,),.6H,O in ~$ ml of water, 
6 g of sodium nitrite in ~5 m/ of water 
and mix the two solutions with stirring. 
To the resulting mixture add 1.5 т/ of 
glacial acetic acid and dilute to 25 ml. 
Allow to stand for some time and filter. 
The solution does not keep for more than. 
3-4 weeks. 

Dissolve 10.5 е of sodium dithionite 
dihydrate, Na,S,O,.2H,O, in water and 
dilute to 100 mi. 

Note: Freshly prepared solution should be 









-4.15M 





. Sodium cobaltinitrite 
Na,[Co(NO, VI 
[403.93] 























62. Sodium dithionite $ 
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Salts [F.W.] Approximate Procedure 
=_= | strength | 


63. Sodium hypochlorite ~5-7% (w/v)] Dilute the commercial product with equal 
NaOCl solution volume of water. 





















64. Sodium nitroprusside 
Na.[Fe(CN);NO].2H,O 
[297.85] 


65. Sodium sulfide 


Prepare the solution as and when 
required. Dissolve a small crystal of the 
salt in ~$ mi of water. 






Dissolve 20 е of sodium hydroxide 
(NaOH) in 100 m/ of water, divide the 
solution into two equal parts. Pass H,S 
gas (Fume Cupboard) into one part until 
saturation (NaOH + H,S — NaHS + 
H4O), and add this solution to the remain- 
ing part of the NaOH solution (NaOH + 
NaHS — Na,S + HO). 


Dissolve 6.3 g of sodium sulfite, Na,SO, 
or 12.6 g of sodium sulfite heptahydrate, 
Na,SO,.7H,0 in water and dilute to 100 ml. 














66. Sodium sulfite* 













67. Sodium sulfate Dissolve 3.22 е of sodium sulfate 
decahydrate, Na,SO,,10H,O in water and 


dilute to 100 mil, 


Dilute 20 m/ of commercial (30%) water 
glass solution to 100 ml with water. 











68. Sodium silicate* 







69. Sodium thiosulfate Dissolve 24.8 g of sodium thiosulfate 


pentahydrate in water and dilute to | /itre. 










70. Strontium nitrate Dissolve 5.29 g of strontium nitrate in 


water and dilute to 100 ml, 


Dissolve ~56.5 g of the salt in 100 mil 
of hot concentrated hydrochloric acid and 
dilute to | litre. Keep a few small pieces 
of metallic tin in the bottle to prevent 
aerial oxidation of Sn' to Sn!V, 


Dissolve ~0.1 g of zirconyl nitrate in 20 
ml of concentrated hydrochloric acid and 
dilute to 100 mi with water. 















71. Stannous chloride 
SnCl..2H,0 [226] 













72. Zirconyl nitrate reagent 
(For fluoride test) 
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Salts [F.W.| 


73. Zirconyl nitrate 
(for phosphate separation) 























Heat 10 g of commercially pure zirconyl 
nitrate, ZrO(NO.),.2H.40. free from iron 
and 100 m/ of | M HNO, (6.2 ml of 
conc. HNO, diluted to 100 mf) to boiling 
with constant stirring. Allow to stand for | 
24 hours. Decant or syphon off the clear 
solution. 









74. Zine acetate 
Zn(OOCCH,),.2H,0 


75. Zine nitrate 
Zn(NO.),.6H,O [297] 








Dissolve 2.19 g of the salt in 100 mi of 
| 5% ammonium chloride solution. 






Dissolve 150 g of the salt in | litre of 
water. Add 1-2 drops of сопс.Н№О, and | 
mix uniformly. 











76. Zinc sulfate 
ZnSO,.7H,0 [287.38] 


Dissolve 144 g of the crystallised salt in 
| litre of water. Add 1-2 drops of 
conc.H,SO, and mix uniformly. 





Appendix-B8 


Solutions of Salts of Some Rare Elements 


Salt solutions - Approximate 
strength 


l. Ammonium metavanadate 








Dissolve 1.2 g of ammonium 
metavanadate, NH,VO,, in 10 mi of | M 
sulfuric acid and dilute to 100 ml. 


Dissolve 44.2 g of ammonium hepta 
molybdate, (NH,),Mo,0,,4H,O, in a 
mixture of 60 тї of concentrated ammo- 
nia and 40 mi of water. Add 120g of 
ammonium nitrate, After complete disso- 
lution, dilute the mixture to | /itre with 
water. The solution must be acidified with 
conc.HNO, before using as a reagent. 


Dilute 1 ml of the 0.25 M solution 
described above to 10 mil. 






















2. Ammonium molybdate* 
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Salt solutions Approximate Procedure — — | 
strength | 


3. Cerium (11) nitrate Dissolve 4.4 g of cerium (HI) nitrate hexa 
hydrate, Ce(NO,),.6H,O, in 10 m of 2 M 
nitric acid and dilute to 100 mi with water. 














. Cerum (IV) sulfate Dissolve 4 g of cerium (IV) sulfate 
tetrahydrate, Ce(SO,),.4H,O in a cold 
| mixture of 50 mm! of water and 5 ml of 
conc. sulfuric acid and dilute the solution 
to 100 ml with water. 

Dissolve 64 g of cerium (IV) 
| diammonium sulfate dihydrate, 
Ce(SO,), 2(NH,),SO ,.2H,O, in a cold 
| mixture of 50 m? of water and 5 ml of 
concentrated sulfuric acid and dilute the 
solution to 100 ml with water. 





















г 


Cerium (IV) diammonium 
sulfate dihydrate 
(ceric ammonium sulfate) 

















. Lanthanum nitrate Dissolve 4.33 е of lanthanum nitrate 
hexahydrate, La(NO, 46H40 in 100 ml of 


| water, 











. Lithium chloride Dissolve 4.2 g of anhydrous lithium 
chloride LiCl or 6 g of lithium chloride 
monohydrate LiCLH4O in water and 


dilute to 100 тЇ with water. 

















8. Osmium tetroxide 
(Osmic acid) 


Dissolve | g of osmium tetroxide (osmic 
acid), OsO,, in 10 m/ of 1 M sulfuric acid 
and dilute the solution to 100 ml with water. 
Note: The solution is available commer- 
cially, 

















. Palladium chloride Dissolve | g of palladium chloride, PdCl, 


in water and dilute the solution to 100 mi. 


Dissolve 0,5g of dodecamolybdophosphoric 
acid icositetrahydrate, [H;PO,.12M00,. 
24H40] in 10 mi of water. 

Note: The solution does not keep well. 
Dissolve 1.2 g of sodium metavanadate, 
NaVO,, in 10 ml of | M sulfuric acid and 
dilute the solution to 100 m/ with water. 













10. Phosphomolybdic acid* 













11. Sodium metavanadate 
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Salt solutions Approximate Procedure 
strength | 


12. Sodium selenate* Dissolve 3.7 g of sodium selenate deca 
hydrate, NaSeO,.10H,O їп water and 
| dilute to 100 ml. 


Dissolve 1.73 g of sodium selenite, 
Na,SeO,, іп 100 тЇ of water. 


Dissolve 2.74 g of sodium tellurate dihy- 
drate, Na, TeO,.2H,O, in water and dilute 
to 100 ml. 


Dissolve 2.22 g of sodium tellurite 
Na,TeO, in 100 mil of water. 


Dissolve 6.6 g of sodium tungstate dihy- 
drate, Na, WO,.2H,O, in water and dilute 
to 100 ml. 


Dissolve 4.57 g of thallium (III) oxide, 
TI,O,, in 5 ml of 6M hydrochloric acid, 
evaporte the solution to dryness (Fume 
Cupboard). dissolve the residue in water 
and dilute to 100 mi. 


| Dissolve 1.33 g of thallium (I) nitrate, 
TINO, in 100 mi of water. 

Shake 1 g of TINO, with 10 ml of water, 
allow to stand. Use the clear supernatant 
liquid for the test. 


Dissolve 5.88 g of thorium nitrate hexahy- 
drate, Th(NO,),.6H,O, in a mixture of 50 
ml of water and 2.5 ml of concentrated | 
nitric acid, dilute to 100 m/ with water. | 


Add 10 л! of liquid titanium tetrachlo- 
ride, TiCl,, to 90 ml of 6M hydrochloric 
acid and mix uniformly. 

Available commercially, but contains 
~15% of Ti(IV) sulfate and also free 
sulfuric acid. 

Note: It is violet coloured, On standing, it is 
slowly oxidized to colourless Ti(1V) sulfate. 




































| 13. Sodium selinite* 











14. Sodium tellurate? 








15. Sodium tellurite? 






16. Sodium tungstate 








17. Thallium (III) chloride” 













18. Thallium (1) nitrate" 0.05M 






Saturated 









19. Thorium nitrate 












20. Titanium (IV) chloride 












21. Titanium (HI) sulfate* 


| | 





Appendix-B8 (Continued) 


(1) Dilute 33 mi of 15% (wiv) commer- 
cial titanium (IV) sulfate solution to 
10 mi with | M slfuric acid. 

(и) Fuse ~1.6 g of TIO, with -12-15g of 
potassium hydrogensulfate (KHSO,) 
in à silica or a porcelain crucible, 
Cool and extract the fused mass with 
hot 3M sulfuric acid, filter and dilute 
to 100 m/ with the same acid. 

23. Zirconyl chloride Dissolve 3.22 g of ZrOCI,.8H4O in 20 mi 

of conc. HCl and dilute the solution to 100 

т! with water. 


24. Zircony! nitrate Dissolve 2.62 g of ZrO(NO,),.2H,O in 10 
ml of 2M HNO, and dilute the solution 
to 100 mi with water. 





Appendix-B9 
Reagents Prepared in the Laboratory 


Reagents Approximate Procedure 
strength 


|. Bromine-water -13 М | Add carefully [Caution Corrosive] —3.5 т! 
Br [79.904] (saturated) | of liquid bromine into ~100 mi of water 
Note: Use of hand gloves taken in а stoppered conical flask. 
and eye protector are shake until almost complete dissolution. 

strongly recommended. Add a few more drops of bromine to 

ensure slight excess. 


Saturate 200 m/ of water with chlorine 
gas, generated by dropping 6M HCI on 
to a slury of calcium hypochlorite and 
gypsum or concentrated HCI upon 
KMnO,. Preserve the solution in well 
corked dark coloured bottle in a cool place 
away from light. The saturated solution 
contains ~6.5 д of chlorine per litre. 






































2. Chlorine-water 
СІ [35.453] 
(cf. Fig. 3.10) 









A 
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strength 


lodine (potassium tritodide) 0.1N Dissolve 12,7 g of iodine crystals in 2 
solution: solution of 20 g of pure potassium iodide 
Note: Don't use metallic or in ~100 ml of water and dilute to 1 /itre 
plastic spatula for transferring with water. 
solid iodine. Use glass/ 
porcelain made spoons. 








te? 















































-0.3N 
(saturated) 


4. SO.-water (Sulfurous acid) 
(cf Fig. 3.9) 


Pass into ~200 mi of ice cold water a 
stream of SO, gas, generated by dropping 
dilute (-8M)H,SO, into a saturated 
solution of sodium sulfite in water until 
saturation. Preserve the solution in a well 
corked dark coloured bottle in a cool 
place. The saturated solution contains 6- 
7% of SO, by weight. 











~0.1 M 
(saturated) 


$. Н,5 - water 
(cf. Fig. 3.8) 


Pass H,S gas, generated from FeS and 
dilute H,SO, in Kipp's apparatus, through 
a bubbler and then into ~I litre of water | 
contained in a dark coloured bottle until 
saturation. Cork the bottle tightly with à 
rubber cork and preserve the solution tn 
a cool and dark place. | 2. H,S dissolves 
in ~314 mi of water at 30°C and in 242 
mi of water at 20°C at | atmosphere. 








| Make a thin paste of ^1 g of soluble starch 
with a little cold water and add the paste 
into 50 ml of boiling water with vigorous 
stirring. Continue boiling for 2-3 minutes 
| until a clear solution results. Cool to room 
temperature. Preserve in a clean well 

stoppered bottle, ~lg of potassium iodide 
| and 4-5 drops of chloroform may be 
added to improve the keeping quality of 
the solution. 


6. Starch solution 
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Special Reagents 


Reagent A pproximate Procedure 
strength 


Alizarin Saturated | Shake 2g of alizarin (C НО) with 10 
mi of 96% ethanol. Allow to stand, use 
| the clear solution for the tests. 
























= 


AlizarineS or 
Alizarin red-S 


Dissolve 2 g of alizarin red-S (sodium 
alizarin sulfonate, C,,H^O,.SO;Na.H,O) 
in [00 тї of water. 

0.1 27100 ml of water by the same pro- 
cedure as above. 













. Aluminon reagent 





Dissolve 0.1g aluminon (triammonium 
aurin tricarboxlyate (C,,H,,N.O,) in 100 
ml of water. 















Ammonium molybdate- 47/0. 196 


quinine sulfate reagent* 


Dissolve 4g of ammonium hepta 
molvbdate (NH, ),Mo,0,,.4H,O in 20 mil 
of water and add to this solution with 
stirring a solution of 0.1 g of quinine 
sulfate (С.Н, ,N,O,.H,SO,.2H.40) in 80 
т! concentrated nitric acid. 
































0.3 M 
(in HgCL) 


5. Ammonium tetrathio- 
cyanatomercurate (or 
ammonium mercuro- 
thiocyanate). 

(N H, h [Hg(SCN A] 


. Aniline sulfate* 


Dissolve 9 g of ammonium thiocyanate 
(NH,SCN) and 8 g of mercuric chloride 
(HgCl,) in water, dilute the mixture to 
100 mi and mix uniformly. 









Dissolve lg of aniline sulfate 
[C.H;NH,],.H,SO, in 100 mi of water. 
Preserve the solution in a dark coloured 
bottle. 


Dissolve 0.52 of anthranilic acid o- 
(H;N.C,H,.COOH) in 10 ml of 96% ethanol. 










. Anthranilic acid* 










. Ascorbic acid $ 






in 100 т! of water. 
Dissolve 0.05g of benzidine or its hydro- 
chloride in 10 m/ of concentrated acetic 
acid dilute with water to 100 m. 






. Benzidine 
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Dissolve ~lg of ascorbic acid (C,H,O,) | 
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|] strength 


10. a-Benzoin oxime $ Dissolve 5g of -benzoin oxime 
(Cupron) [C.H.CH(OH).C(NOH).C,H,]. in 96% 
ethanol and dilute to 100 m/ with the same 
solvent. 
































11. 2.2-Bipyridine* 
(highly expensive) 


Dissolve 0.02 g of the 2,2"-bipyridine in 
| ml of 0.1M hydrochloric acid or | 
ml of 96% ethanol. 


Dissolve 0.1 g of bhis-(p-nitrophenyl) 
carbazide (ie, p, p'-dinitro-1, 5-diphenyl 
carbazide) OC(NHNH.C,H,-NO,), in 
100 тї of 96% ethanol, 
Dissolve 025 g of cacotheline 
(nitrobruciquinone hydrate, C», H5, O^ N.) 
in 100 т! of water. 





12. Bis4p-nitrophenyl) 
carbazide $ 















13. Cacotheline 















14. Catechol (Pyrocatechol)* Dissolve 10 g of catechol (ie. l, 2- 
dihydroxybenzene), o-C,H(OH),, in 100 


ті of water. 





















15. Chloramine-T $ Dissolve 1.4 g of сМогатпе-Т 
(H,C-C,H,-SO,N-Na"Cl”.3H,0) in water 
and dilute to 100 mi. 

Shake 0.10 of chromotropic acid, sodium 
salt, (1,8-dihydroxynapthalene-3,6- 
disulfonic acid, sodium salt), 
C,,H,O,S,Na, with 5 ml of water and 
allow to stand. Use the clear supernatant 
liquid for the tests. 











16. Chromotropic acid $ 




















Dissolve 1 g of cinconine in a mixture of 
99 ml of water and | ml of 2 M nitric acid. 
Cool the mixture and dissolve | g of potas- 
sium iodide in this solution. Mix uniformly. 
The reagent is stable for two weeks. 

Dissolve 2 g of cupferron [C;H.N(NO) 
O-NHj] in 100 mi of water, add 1 g of 
ammonium carbonate to enhance stability. 


17. Cinconine-potassium iodide 
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—. Reagent | — Approximate Procedure 
strength 


19. Curcumin* Saturated | Shake 0.5 g of curcumin [H,CC „Н. (ОН). 
CH:CH.CO),CH, with 10 m! of 96% 
ethanol. Allow to stand. Use the clear 
supernatant liquid for the tests, 
















Add 2 M aqueous ammonia solution to 
10 ml of 0.1 M silver nitrate solution until 
the precipitate first formed is just 
redissolved. 


20. Diammineargentato 
nitrate ; [Ag(NH,),]NO.* 
Note: Discard the unused 
reagent after test, because 
silver azide AgN. that 
precipitates оп standing, тау 
cause serious explosion. 



























Dissolve 0.01g of diazine green (colour 
index 11050) in 100 т! of water. 


Dissolve 0.1g of tetrabase, [(H,C),N. 
CHCH., in 10 ml of chloroform. 


Dissolve O.lg of 4'-dimethylamino 
azobenzene-4-phenylarsonic acid, 
(H,C),N.C,H,.N:N.C,H,AsO(OH), in 5 
ml of concentrated hydrochloric acid and 
then dilute to 100 m/ with 96% ethanol. 


Dissolve 30 mg of commercial 4- 
dimethylaminobenzylidine-rhodanine 
reagent in 10 m/ of acetone, 


2]. Diazine green 
(Janus green) 

22. Di-(4-dimethylaminodiphenyl) 
methane (tetrabase) 








23. 4-Dimethylaminobenzene- 
azo-phenyl-arsonic acid $ 















24. 4-Dimethylaminobenzylidine- 
rhodanine $ 










. Dimethylglyoxime Dissolve lg of dimethylglyoxime, 
[H;C.C(NOH).C(NOH).CH,], in 100 mi 


of 96% ethanol. 


Dissolve lg of N, N-dimethyl-p- 
phenylenediamine dihydrochloride, HN. 
C,H,.N(CH,),.2HCI in water and dilute 
to 100 mil, [the sulfate salt H,N.C,H,. 
N(CH,),.H,SO, may also be used.] 

Dissolve 0.5g of  diphenylamine 
(C,H,),NH, in 85 ml of concentrated 
sulfuric acid and pour the solution — 
| into 15 т! of ice cold water with stirring 













26. N N-Dimethyl-p-phenylene- 
diamine dihydrochloride* 















27. Diphenylamine* 












Appendix-B10 (Continued) 


| strength 


28. 1,5-Diphenylcarbazide $ 1% Dissolve 0.1g of 1,5-diphenylcarbazide 
(in ethanol) (C.H:.NHNH),CO in 10 лт! of 96% 
ethanol. 

Note: The solution decomposes rapidly 
on exposure to air. 


































0.2% Dissolve 2 g of 1,5-diphenylcarbazide in 
(in acetic | 10 ml of glacial acetic acid and dilute the 
acid) mixture to 100 mi with 96% ethanol. 











29. Diphenylthiocarbazone 
(Dithizone)* 


0.005% Dissolve 5 mg of dithizone (diphenylthio 
carbazone) — [C,H, N:N.C(7S).NHNH. 


C.H;]. in 100 ml of chloroform. 


Mix 0.2 g of p-dipicrylamine (hexanitro 

diphenylamine), [C,H (NO); h NH, 4 mi 

of 0.5 M sodium acetate and 16 ml of 

water. Boil the mixture for 2-3 minutes, 

allow to cool, filter and use the clear 
filtrate for the tests. 





















30. p-Dipicrylamine $ 










31. Dithiooxamide 
(Rubeanic acid)$ 


Disoulve 0.5 g of rubeanic acid 
[H,N.C(=S).C(=S).NH,], in 100 mi of 
96% ethanol. | 

Dissolve 20 mg of rubeanic acid їп 100 
| ml of glacial acetic acid. 

Note: The solution decomposes rapidly. It 
should be prepared just before use each 
time. 


















0.02% 
(in acetic 
acid) 





Dissolve 02g of ferron (8-hydroxy- 
7-iodo-quinoline-5-sulfonic acid). 
[CgH,O,NSI], in 100 iml of water. 
Shake lg of fluorescein (colour index 
45350) with 50 ml of 96% ethanol and 50 
ml of water. Allow to stand for 24 hours, 
filter and use the filtrate for the tests. 


Dissolve 1.624 g of 1, 10-phenanthroline 
hydrochloride and 0695  g of 









33. Fluorescein reagent 





34. Ferroin 
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Appendix-B10 (Continued) 


Reagent Approximate 


strength 













FeSO,.7H,O in 100 inl of water. Alterna- 
tively, dissolve 1.485 е of 1, 10. 
phenanthroline monohydrate (F.W. 198) 
and 0.98 g of Mohr's salt (F.W. 392) in 
7.5 ml of | M hydrochloric acid and dilute 
to 100 m/ with water. 


Mix 10 ml of 40% formaline, 10 mi of 
0.5M sodium carbonate and 50 ml of 
water, dilute the mixture to 100 ml with 
water. 

Note: The reagent decomposes on 
standing. 

















35. Formaldehyde (4%)- 
Sodium carbonate 
(0.05M) reagent $ 





















0.1% Dissolve 0.1@ of fuchsin (magenta, colour 
Index 42500) in 100 mi of water. 
Dissolve 15 mg of fuchsin in 100 ml of 


water 


36. Fuchsin 









0.015% 












37. Gallocyanine Dissolve Ile of  gallocyanine 


[C)sH),O.N,] in 100 mi! water. 




















0.33 M 
(її Au) 


38. Gold (III) chloride 
(Expensive) 


Dissolve 1.3 g of sodium tetrachloro | 
aurate (IH) dihydrate, Na[AuCI,].2H,0, 
in 10 ml of water. Allernatively, dissolve 
-0.65 g of gold in 5 т/ of aqua-regia, 
evaporate the solution to dryness (Fume 
Chamber) and dissolve the residue in 10 
ml of water. 



















39. Hexachloroplatinic acid (IV) 
(Expensive) 


Disolve 0.26 g of hexachloroplatinic 
acid (IV), H5[PtCI,],GH,O in 10 ml of 
water. | 
Shake 2g of hydrazine sulfate 
[N,H,.H,SO,] with 5 ml of water 
vigorously. Use the supernatant liquid for 
the tests. 


Commercial concentrated hydrogen 
peroxide (H,0,] may contain small 








40. Hydrazine sulfate* 










| 41. Hydrogen peroxide* 





A 








Appendix-B10 (Continued) 


» | Approximate Procedure 
strength | 


great caution and stored 
in a refrigerater) 




















amount of sulfuric acid or organic 
materials as stabilizer. Store in a dark 
coloured bottle in a cool place. 

Dilute 20 тї of *100-volume' Н,О, to 
100 ml with water. Store in a dark 
coloured bottle in a cool place. 

Dilute 10 m! of *100-volume' Н.О, to 
100 ml with water. Store in dark coloured 
bottle in a cool place. 


6% 
(20-volume) 












3% 


(10-volume) 









42, Hydroxylamine 
hydrochloride* 


10% Dissolve 10g of hydroxylamine 
hydrochloride [NH,OH.HCI] in 100 ml 


of water. 

















5% 
(in 0.1 M 
H,SO,) 


43. 8-Hydroxyquinoline 
(Oxine) 


Dissolve Sg of  8-hvdroxyquinoline 
(охіпе) [CHON] in а mixture of 90 т! 

of water and 10 ml of 1M sulfuric acid. 
The reagent is stable for months. 





















2% (in Dissolve 2 g of oxine in 100 m? of 2M 
acetic acid) | acetic acid. 
1% Dissolve | g of oxine in 100 тЇ of 96% 
(in ethanol) | ethanol. 






44. Indigo solution 1% Dissolve 0.1g of indigo [СН 0N; 
colour index 73000) in 10 ml of concen- 


trated sulfuric acid. 


Dissolve 15mg of indole [C.H ,NHCH.CH] 
| in 100 m! of 96% ethanol. 


Dissolve 2.87g of manganese nitrate | 
hexahydrate [Mn(NO,),.6H,O}, in 40 ml | 
of water (solution-A). Dissolve 3.55 g of 
silver nitrate [AgNO,], in 40 ml of water 
(solution-B). Mix — solution-A with 
solution-B and add drops of 2M sodium 
hydroxide solution until a black precipi- 
tate starts to form. Filter and dilute the 
filtrate to 100 ml with water, keep in a 
dark coloured bottle. 


45. Indole 0.01595 





46. Manganese nitrate (or sulfate 0.1M (Mn?*) 
Silver nitrate reagent* 0.2 M (Ag") 













Appendix-B10 (Continued) 


Approximate Procedure 
T strength 


47. Manganese nitrate-Silver 4 To 100 ml of manganese nitrate-silver 
| nitrate reagent described above add 3.5 
g of potassium fluoride dissolved in 50 ml 
of water. Boil, cool to room temperature 
| and filter off the dark coloured precipi- 
tate. Use the clear filtrate for the tests. | 


Boil 0.3 g of a-napthylamine [C ,H;NH.] 
with 70 т! of water for a few minutes. 
Decant the clear liquid, cool and add 30 
ml of glacial acetic acid. If the solution 
is intensely coloured, add a small amount 
of zinc dust, stirr vigorously with a glass 
rod and filter. Use the clear filtrate for the 
tests. 







































nitrate-potassium fluoride 
reagent" 





48. a-Napthylamine* 
(for the Griess-Hosvay test) 








(0, | M 
(K.[Hgl,]) 
4M(KOH) 


Dissolve 5.5 g of mercuric соге 
[HgCl,] in 100 ml of water (soln. A). 
Dissolve 3.5g of potassium iodide [KI] in 
10 mi of water (soln. B). Dissolve 45 g 
of potassium hydroxide [KOH], in 80 л 
of water (soln. C). Now add dropwise 
with stirring soln. A to soln. B until a faint 
but parmanent turbidity appears, then add 
soln, C with stirring, mix uniformly. 
Dilute to 200 тї with water, allow to 
stand over night, decant or syphon off 
the clear supernatant liquid, for use in the 
tests. 


Add drops of ethylenediamine 
(H,NCH,CH,NH,, en) to 2 ml of 0.5M 
nickel nitrate [Ni(NO,),.6H,O] solution, 
until a violet colour appears, due to the 
formtion of the complex [Ni(en)?*] ion. 
Dissolve 0.1 g of nitrazene yellow (2, 4- 
dinitrobenzeneazo)-1-napthol-4, 8- 
disulfonic acid disodium salt (Colour 
Index 14890) in 100 ml of water 


49. Nessler's reagent* 


50. Nickel ethylenediamine 
nitrate reagent* 


51, Nitrazene yellow 
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Appendix-B10 (Continued) 


Reagent — Approximate Procedure 
strength 


52. 2-Nitrobenzaldehyde* 0.5% Dissolve 5 me of 2-nitrobenzaldehyde 
[O,N.C,H,-CHO]. in | ml of 2M sodium 
hydroxide solution. 
53. 4-Nitrobenzene-azo- | -napthol Dissolve 0.5 g of 4-(4-nitrophenvlazo)-1- 
(Марпеѕоп-11)* napthol (magneson-II) [O;N.C,H,.N:N. 
C,4H,.OH], in of 20 mi of 1M sodium 
hydroxide solution. Dilute the solution to 
100 ml with water. 
54, 4-Nitrobenzene-azo- Dissolve 5 mg of 4-(4-nitrophenylazo) 
chromotropic acid* chromotropic acid, sodium salt, 
(Chromotrope-2B, Colour Index 16575) 
in 100 m/ of concentrated sulfuric acid. 
55. 4-Nitrobenzenediazonium n Dissolve |g of 4-nitroaniline [O,N-C,H,- 
chloride reagent $ МН, | in 25 mi of 2M hydrochloric acid and 
dilute the solution to 160 m/ with water. 
Cool in an ice-water both and add 20 m/ of 
5% sodium nitrite (Мамо, ) solution, stirr 
until the precipitate dissolves and a clear 
solution results. The reagent on keeping, 
gradually becomes turbid, but can be used 
again after filtering off the precipitate. 


56. 3-Nitrobenzoic acid* Saturated | Dissolve lg of 3-nitrobenzoic acid 
[O,N.C,H,-COOH] in 250 ml of water by 
warming the mixture on a hot water bath. 
Allow to cool to room temperature and 
filter. Use the filtrate for the tests. 


57. Nitron reagent* | Dissolve 5 g of nitron [C;;H,,N;] in 100: 
ml of 2M acetic acid. 


58. 4-(4-Nitrophenylazo) Dissolve 0.5g of 4-(4-nitrophenylazo) 

resorcinol® [Magneson-l] resorcinol, (magneson-I), [O,N.C,H,.N: 
N.C,H,(OH),CH,], in 20 mi of 1 M 
sodium hydroxide, 


59. 4-Nitronaphthalene-diazoaminc Dissolve 0.02 g of Cadion 2B [O;N. 

azobenzene, [Cadion 2B]$ C, Hy N:N.NH.C,H МСН) in 100 
ml of 96% ethanol containing | ml of 2M 
JOLE M ium hydroxide. 
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Reagent Approximate Procedure 
strength 


Dissolve lg of  l-nitioso-2-napthol 
[C, 4H. OH)NO], in 100 m? of 9M acetic 
acid. 

Note: Instead of acetic acid, 100 ml. of 
96% ethanol or acetone may also be used. 
























60. 1-Nitroso-2-napthol 
(at- Nitroso-[)-napthol) 


Dissolve 0.1 g of 1,10-phenanthroline 
hydrate [C HN, H-O] im 100 mi of 


water. 


6l. |,10-Phenanthroline 





Dissolve 2g of p-phenetidine, 
[C4H,.O.C, H,.NH.], in 5 т! of concen- 
trated hydrochloric acid and dilute the 
solution to 100 m/ with water. 

| Note: Complete dissolution may occur 
after dilution. 


62. p-Phenetidine 
hydrochloride* 


63. p-Phenetidine* Dissolve 01е of  p-phenetidine 
[C,H;O.C,H,.NH,] in 100 ml of 2M 
hydrochloric acid. 


64. Phenylarsonic acid $ Shake lg of  phenvlarsonic acid 
[C.H As(7O) (ОН), ] with 10 mi of water. 


Use the clear liquid for the tests. 


65. Phenylhydrazine* Dissolve ig of phenylhydrazine 
[C,H:NHNH,], in 2 ml of glacial acetic 


acid. 





66. Picrolonic acid Saturated 


(Picrolic acid) 


Shake 1g of picrolonic acid, C,,H,O;N, 
with 5 тї of water. Allow to stand, use 
the clear supernatant liquid for the tests. 


67. Propylarsonic acid S Dissolve 0.5g of propylarsonic acid 
(CH.CH;CH, As (=O) (OH),], in 10 ml 
of water. 

Dissolve — 05g of pyrogallol, 
[C,H.(OH),], in 5 ml of water. The 
reagent slowly decomposes. 

Dissolve Ig of pyrrole (СН), in 100 
ml of (adlehyde-free) 96% ethanol. 


68. Pyrogallol* 


169. Pyrrole* 
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Reagent Approximate |. Procedure 
strength 


70. Quinaldinic acid* 1% Dissolve lg of  quinaldinic acid, 

(Na-Salt) [C,;H;O,N] in 5 ml of 2M sodium hy- 
| droxide solution and dilute to 100 mi with 
walter. 





















71. Quinalizarin* 





0.0595 
(in NaOH) 





Dissolve 0.05g of quinalizarin (1,2,5.8- 
tetrahydroxyanthraquinone) in a mixture 
of 50 ml of water and 5 ml of 2M sodium 
hydroxide. Dilute the solution to 100 mi 
with water. 

Dissolve 0.01g of quinalizarin in 2 m 

of pyridine and dilute the solution to 20 
ml with acetone. 


Dissolve 001; of  Rhodamine-B, 
[C,,H,,N,0,, Colour Index 45170), in 
100 m/ of water. 

Disolve 0.05 g of Rhodamine-B in 100 ml 
of 2M hydrochloric acid containing 15g 
of potassium chloride dissolved in it. 















0.05% 
(in pyridine) 





72. Rhodamine-B 0.01% 


73. Salicylaldehyde oxime 


Dissolve Ig of  salicylaldoxime, 
[((HO)-C,H,-CH(*NOH)], іп 5 mf of cold 
96% ethanol and pour the solution 
dropwise into 95m/ of water at a tempera- 
ture not exceding 80*C, Shake the mixture 
vigorously, filter if necessary. Use the 
clear filtrate for the tests. 


Shake 5g of sebacic acid [C,H,COOH],, 
with 95 m/ of water, allow to stand for 
24 hours. Use the clear supernatant liquid 
for the tests. 

Dissolve 3g of sodium azide [NaN,] 
in 100 ml of 0.05M iodine (Nal, or KI] 
solution. 

Mix 1 ml of 0.005M sodium carbonate 
with 2 тї of 0.5% phenolphthalin and 
dilute the mixture to 10 m/ with water. 


(Salicylaldoxime)* 
















74. Sebacic acid Saturated 


75. Sodium azide-iodine 
reagent* 


76. Sodium carbonate- 
Phenolphthalin reagent* 
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Reagent Approximate 
strength — | 


77. Sodium 1-nitroso-2- 1% Dissolve le of sodium  1-nitroso-2- 
hydroxynapthalene-3, 6- hydroxvnapthalene-5.6-disulfonate 
disulfonate. [Nitroso-R-salt]* [Мигозо R-sait, С юн ОН)<(50, Na), 
NO] in 100 ml of water. 


Dissolve 0.05 g of sodium rhodizonate 
[rhodizonic acid, disodium salt, 
C,O,Na,], in 10 m? of water. 

Note: The solution decomposes rapidly. 


Add drops of 2M sodium hydroxide 
solution to 2 ml of 0.25M tin(ll) 
chloride with vigorous shaking, until the 
precipitate initially formed just dissolves 
(about ~2 ml of 2M NaOH solution may 
be required in excess). 

Note: The reagent should be prepared just 
before use, as it is oxidized rapidly. 























78. Sodium rhodizonate $ 





















79, Di-sodium tetrahydroxo 
stannate (II) reagent 
(Sodium stannite)* 





















80. Sodium tetrapheny! 
boron $ 


Dissolve 3.42g of sodium tetraphenyl 
boron, [NaB(C,H.),], in 100 mi of water. 
Note: The solution does not keep for a 
long time. 











81. Sulfanilic acid Dissolve |g of sulfanilic acid [4-amino- 
benzene sulfonic acid, H,N-C,H,-SO,H], 
in 100 ml of 30% warm acetic acid and 
allow the solution to cool. 

Shake 5g of tannic acid, С. Н.О, with 
100 ml of water, allow to stand and filter. 
Use the clear filtrate for the tests. 











82. Tannic acid 



























15%/ 
0.25M 


Dissolve 15g of tartaric acid in 
100 ml of 0.25 M ammonium molybdate 
reagent. 

Dissolve 5 g. of thiourea, S=C(NH,),, in 
a mixture of 43 ml of concentrated 
hydrochloric acid and 50 m/ of water, 
dilute to 100 mil. 


83, Tartaric acid-ammonium 
molybdate reagent $ 














84. Thiourea* 5% 


(in 5M HCl) 
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strength 


85. Titan yellow 
(Clayton yellow) 


86. гапу! acetate 








87. Uranylmagnesium 
acetate reagent* 





88. Uranyl nitrate 


89. Uranylzine acetate 





reagent* 


90. Zinc hexaammine 
hydroxide 


0.1% 


0.12M [UO$*] 
0.77M [Mg?*] 







0.1M 


0.25 M [UO5*] 
1.37M [Zn^'] 











Dissolve 0,1g of Titan yellow (Colour index 
19540) in 100 ml of water, 


Dissolve — 424g of uranyl acetate, 

UO.(CH,COO),.2H40 in а mixture of 20 ml 

of water and 3 m of glacial acetic acid. After 

complete dissolution, dilute the solution to 100 | 
ml with water. 


Dissolve 10g of uranyl acetate dihydrate, 


UO.(CH,COO),.2H,0O in a mixture of 6 mi of 
glacial acetic acid and 100 mi of water (solu- 
lion-A). Dissolve 33g of magnesium acetate 
tetrahydrate, Mg(CH,COO),.4H,0, in а mix- 
ture of 100 ml of glacial acetic acid and 100 
ml of water (solution-B). Mix solution-A with 
solution-B, stirr to mix uniformly, allow to 
stand for 24 hours. Filter and use the clear 
filtrate for the tests. 


Dissolve 5.02g of uranyl nitrate hexahydrate, 
UO,(NO,),.6H,9, in water and dilute to 100 ml. 
Dissolve 10g of uranyl acetate dihydrate, 


UO,(CH,COO),.2H,0 in а mixture of 5 ml of 
glacial acetic acid and 20 m/ of water and dilute 


| to 50 ml (solution-A). Dissolve 30 g of zinc 


acetate dihydrate, Zn(CH,COO),.2H,0, in à 
mixture of 5 тї of glacial acetic acid and 20 
ml of water and dilute to 50 m/ with water 
(solution-B). Mix solution-A with solution-B. 
Add 0.5 g of sodium chloride (NaCl), stirr to 
mix uniformly, allow to stand for 24 hours. 
Filter and use the filtrate for the tests. 

Add 12.5 m! of 2M potassium hydroxide 
to 25 ml of 0.5 M zinc nitrate. Filter and wash 
the precipitate with water and dissolve the 
precipitate on the filter paper with 1:! aqueous 
NH, solution, pouring the solution repeatedly 
on the filter, until complete dissolution. 
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Abbreviations: c = Confirmation, d = Detection, i = Identification, p = Preparation, 
г = Reactions, sp = Separation, sc = Scheme, t = Table. 


Acids and bases: Brónsted-Lowry definitions of 
-10, conjugate acids 10, 18; conjugate bases 
26; ionization constants of: inorganic ~ 6551, 
organic ~ 657/, hydrated metal tons 381. 39, 
526, 6581; strength of ~667, 668. 

Activity: 12, 115, 122, 126. 

Activity coefficient: 49, 77, 121, mean ionic - 
126, 

Activity quotient; 77. 

Actions on solid sample of. 
~ ag-NH, 468. — ammoniacal AgNO, 470, 
~ caustic alkali 449, ~ conc Н,50, 460, 
(conc. H.SO, + Cu- T) 463, - (conc. H,SO, 
+ MnO,) 462, -FeSO, 470, -FeCl, 469, 
-(H.O, + HCl) 469, (Н.О, + NaOH) 469, 
~ sodium  stannite 468. — 

Alkalies: strengths of — 668. 

Alkaline reduction: 463 

Alizarin / alizarin — S, alizarin red - S: 296, 297, 
387,437, 511, 538. 

Alumina (insoluble): 518, 5944. 

Aluminium: 2957, 300-301r, 296-300c; 499, 
511, 5124, in water 6454, 

Aluminium hydroxide: amphoterism of ~ 92, pH 
effect on solubility of ~ 93-94. 

Aluminon: 298, 512. 

Alzheimer's disease: 645. 

Ammonia solution: 240, 253, 257, 285, 300, 302. 

Ammonical silver nitrate: 543. 

Ammoniacal silver sulfate: 486. 

Ammonium (NH,') ion: 342/, 342-344r, 344c. 

Ammonium alizarinate: 296. 

Ammonium arsenomolybdate: 270, 557. 

Ammonium bifluoride / fluoride: as masking agent 
76. 88. 293, 311, 313, 327, 378, 403. 

Ammonium ferrocyanide: 334, 

Ammonium mercurothiocyanate: 326, 327. 639, 

Ammonium molybdate: 270p, 388, 470. 


Ammonium molybdate-stannous chloride reagent: 
444. 

Ammonium molybdate-tertaric acid reagent: 432, 
470. 

Ammonium oxalate; 332, 333, 542, 537, 546. 

Ammonium (or potassium) peroxodisulfate: 304, 
320. 

Ammonium phosphomolybdate: 271, 277, 557. 

Ammonium quinalizarinate: 289, 300. 

Ammonium (potassium) thiocyanate: 288, 310, 
326, 409. 

Ammonium (potassium) — thiocyanate-stanncus 
chloride reagent; 556, 562, 

Amphoterism: — of water 10, — of hydroxides / 
oxides 63, 92, 295, 302, 324, 420, 426, 474, 
481, 524, 565, 

Ampholytes: 346, 473. 

Ату! acetate; 198. 

Ату! alcohol: 198, 

Analysis: macro ~ 1, micro — 1, semi-micro ~ 1, 
~ of acid extract 472p. 492, 499хс, 501- 
Sl6sc, 586, 609, 616, 621, 624, 634; ~of 
aqueous extract 472p, 4995с, 501-5l6sc. 
586, 607, 608, 616, 621, 632; ~ of aqueous 
suspension 578; ~ of Na4CO, extract 473p, 
476sc, 480, 481p, 583; ~ of NaOH extract 
473, 481p, 498sc, 499, 590, 599, 616, 617. 
624; — unknown samples 572-637. 

Analytical Groups: 234, 526. 

Anion radicals: 345r, analysis of ~ 476, 4805с; 
580, 600, 607, 614, 622, 6304. 

Anion radicals in mixture (d): bromate-bromide 
487, bromide-chloride 397, bromide-iodide 
393, 485, chloride-bromide-iodide 82, 393, 
484, chromate-dichromate 488, ferrocyanide 
in presence of iodide and thiocyanate 419, 
ferricyanide-ferrocyanide-thiocyanate 418. 
419, 485, nitrate-nitrite 484, phosphate- 
arsenate-arsenite 430, 483, sulfate-sulfite- 
thiosulfate 482. 
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Anthranilic acid: 543. 

Antiknock compounds: 639. 

Antimony: 2731, 273-275r, 275-278c, sp from tin 
274; amphoterism of — 474, 481. 

Aqua-regia; 667p. 

Arsenate: see arsenic; 470, 477, 483, 499, 509, 
6424, distinction from phosphate 430; inter- 
ference and elimination of ~ 496, 500. 

Arsine: 271, 642, 

Arsenic: 266/, 266-268r, 268-272c; amphoterism 
of ~ 474, 481; poisoning by 642. 

Arsenite: 483, see arsenate, arsenic. 


Barium: 329/, 329-330r, 330-331, 5414, in pres- 
ence of strontium 331d 

Bases: Brónsted-Lowry definitions ~10, see acids. 

Barium carbonate-phenolphthalin reagent: 382d 
(sulfate). 

Barium-rhodizonate reagent: 382d (sulfate). 

Barium sulfate (insoluble): 517, 595, 6484. 

Barium sulfateeKMnO, mixed crystal: 3314 
(barium), 3834 (sulfate). 

Barvta-water, 3474 (carbonate). 

Basic beryllium acetate: 527. 

Benzidine: see benzidine blue test. 

Benzidine blue test: 250, 322, 327, 328, 367, 368, 
388, 407. 412, 432, 438, 443, 467, 468, 544, 

a - Benzoin oxime (cupron); 261, 553, 558. 

Beryllium: 526i, 527c; in presence of magnesium 
5294. 

Bettendorff's test: 2724 (arsenic). 

Bicarbonate: 345r, in presence of carbonate 3504, 
~ buffer 345. 

22' -Bipyridine: 2914 (iron), 417. 

2,2'-Bipyridine (or dimethylglyoxime)-HCl re- 
agent: 5514 (vanadium). 

2,2"-Bipyridine-SnCl,-HCl reagent: 5574 (molyb- 
denum). 

Bisulfite (hydrogen sulfite): 360r. see sulfite. 

Bisulfate fusion: 519-521. 

Bismuth: 252i, 252-254r, 254-255c, 507d, distinc- 
tion from Sb, Sn 253. 

Blue ring tests: 357, 371, 483. 

Borate / boric acid: 433-434 r, 435-440c, 4470, 





interference by — 495, removal of — 495, 
500, demasking of ~ 89. 

Borax bead test: 454-456, 434, 256, 278, 285, 
302, 308, 314, 318, 531, 541, 548, 554, 561, 
565. 

Boric acid: 466-4674, acidity of ~ 47, 436. 

Bromate: 405. 405-406r, 407c, in presence of 
bromide 4874, interference by ~146, 496, 
elimination of — 496, 500, redox properties 
of — 121, 146. 

Bromide: 395-3961, 396-397r, 398-400c, 478- 
479d, in presence of iodide 3994, in pres- 
ence of bromate 487d, in presence of chlo- 
ride, todide 4854. 

Bromine-water: 317, 362, 404. 692p. 

Brown ring tests: 352, 356, 359, 

Buffer action: 17, mechanism of — 17. 

Buffer capacity: 24. 

Buffer solutions: 17, pH of ~ 18 (see pH for 
calculations involving effect of composition 
and dilution; preparation etc.). 

Bunsen flame: structure, chemical nature, tem- 
perature 450. 


Cacotheline: 282. 

Cadmium: 2621, 263-264r, 264-266c, in presence 
of copper 507d, sp from copper 263. 

Calcium: 333i,r, 333-337c, in presence of Ba, Sr 
336d, 5154, in CaF, 5224, ~ fluoride (1п- 
soluble): 522, 5964, collector for Cu 638, - 
hypochlorite 212, — phosphate: solubility 50, 
pH of — 428-429, — sulfate: 329, 335-334. 

Calomel (calomel electrode): 164, 165. 

Capillary action: 192, sp by ~: 57, 418-419, 563. 

Carbonate-bicarbonate: 347, 347-348r, 349c, 
3504, thermal decomposition of — 347. 

Carbonate fusion 517. 

Carbonic acid solution; 345-346, 366. 

Carbonyl sulfide: 497. 

Catenation: oxidation number of — 101. 

Cation radicals: 234r, analytical groups: 499- 
§03sc, 503 (Gr. 1), 504-505 (Gr. ПА, IIB), 
83, 505-509 (Gr. ПА), 509-510 (Gr. IIB), 
510-512 (Gr. ША), 512-513 (Gr. ПІВ), 514- 
515 (Gr. IV), 515-516 (Gr. V) sp and d of~. 
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Catalysis; 5, 6, 252, 323, 404, of iodine-azide 
reaction: 259, 467, 639. 

Cerium: 5414, 541-542r. 543c, in presence of Fe 
544d, sp from Th 543, ~ oxide (insoluble) 
5984. 

Chlorine-water: 95. 212, 213, 397, 402, 485, 
697p. 

Chloride: 390-3924, 392-394, 394-395;, in pres- 
ence of bromide, iodide 390, 479, 4844. 

Chloramin-T: 650. sve iodide(iodine). 

Chromate-dichromate: ~ equilibrium 330, 4221, 
423-428r, 425-426¢, 478, 4894. in presence 
of permanganate 4274, interference by 496, 
elimination of — 496, 500, redox couple 141. 

Chromic acid: 213, 391, 667p, ~ sulfuric acid 
mixture (chromosulfuric acid) 213, 632. 

Chromium: 302, 3051,7, 305e, Sila. 

Chromium oxide (insoluble): 5924. 

Chromatography: 8, 191, paper — 218. 

Chromotropic acid: 307, 308, 427, 533. 

Chromy! chloride test: 390, 423, 464. 

Cinconine-K] reagent: 254, 507, 

CO, — water: see carbonic acid solution. 

Cobalt: 308/, 309-3105, 310-314c, 512, 5134, in 
presence of Fe, Cu 31 id, distinction from Ni 
310, ~ glass (double blue glass) 452, ~ 
mercurothiocyanate 244. 

Coloured compounds (commonly occurring): 446. 

Common ion effects: 13, 19, 22, 28, 51, 285, 319. 

Complexes: — formation equlibria 75, labile — 77, 
inert — 77, stability constants of ~ 77-79, 
effects of complex formation: on formal 
potentials 147, — on solubility 79, 88, — on 
disproportion 152. 

nproportionation: 102, 103, 178, 182, 185, 








| — 355, — of ~ 172, 185. 
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Cuprous iodide slurry: 244p, 403. 
Cyano complexes: — of Cu and Cd 83. 85. 


Daniel сеп: 114, 115, emf of ~ 118, 123 

Davarda's alloy: 358, 464, 

Deby-Hückel limiting law: 126, 

Defacqz reaction: 564, 

Demasking reactions: 89, 523, 647. 

Detectable minimum: 3. 

Diagonal relationship: 526 (Be, Al), 

Diazo coupling tests; 354, 359, 

Dichromate: see chromate, 

Diethyl ether: 198, 306, 311. 

Dilution limit: 3. 

Dimethylglyoxime: 292-293, 316-317, 551, 582. 

Dimethylglyoxime-FeCl-. reagent: 281, 

Diphenylcarbazide: 245, 306, 391, 426, 558. 

Diphenylcarbazone: 245, 

Diphenylamine: 357, 

p-Dimethylaminoazophenylarsonic acid: 538-539, 

p- Diphenylaminobenzilidinerhodanine: 237, 246. 

Dissolution: — of sample 472, 475sc, 582sc. 

Disproportionation; 101-102, 106, 112, 152, 175, 
182, 191, 304, 315, 319, 340, 352, 370, 468, 
564, Frost diagram of ~ 182-1851, Latimer 
diagram of ~ 172-1741, Pourbaix diagram of 
~ 1911. 

Dithiol: 283. 

Dithizone: 249, 328, 

Do's and don'ts: Healthy laboratory practices and 
precautions 232, 

Dry tests: 446, 

EDTA: 91, 528, metal complexes of ~ $28. 

Electrolytic solution pressure; 113. 

pear core 7 ls, t, (eco. 
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F erricyanide: 410i, 411г, 412-414c, 476d, 4854, 
interference by ~ 497, 500, elimination of ~ 
498. 

Ferrithiocyanate reagent: 6, 76, 88, 259, 260p. 

Ferrocyanide: 414/, 415-417r, 417-420c, 418- 
419, 476, 4854, decomposition of ~ 244, 
insoluble ~ 523, 597d, interference by ~ 497, 
500, elimination of — 498. 

Ferrocyanide-ferricyanide benzidine reagent: 327, 

Ferron( 8-hydroxy-7-iodoquinoline-5-sulfonic 
acid): 290, 

Ferroin (tris-l, 10-phenanthroline iron(1)): 570. 

Flame test; 450-454, chemistry of ~ 453, ~ of 
insoluble sulfates 454, flame colours 256, 
278, 329, 332-333, 340-341, 452-453. 

Fleitmann's test: 272 (for As d). 

Fluorescein: 396, 398, 448, 570. 

Fluoresence test: — for uranium 570, 

Fluoride / bifluoride: 386i, r, 387-389c, 477, 5224, 
in mineral water 6494, in rocks 6504, acid- 
hase equilibria of ~ 385 seepH, biological 
importance of ~ 649, interference by — 494, 
removal of ~ 495, 500, toxicity of ~ 649. 

Formaldehyde (formalin); 89, 366. 

Formal potentials: 83, 88, 412, effect of complex 
formation on ~ Co!/Co! 310, Cu''/Cu! 152- 
155, 1/21 155-157, Fell/Fe! 147-151; ef- 
fect of pH (i.e, [H'] ) on ~ AsV/As" 141- 
145, CelV/Ce!! 541, CrV'/ CO! 140, Fel're 
135, 159. 163. [Fe( CN), " /[Fe(CN),*] 135, 
MnV!'/Mn! 139, МоМо“, Mo'V/Mo'! 
555, VINY 138, XOy. НУХ 
(X=Br, 1) 145: effect of precipitation on ~ 
157-166, CuCu! 160, Ее Ее! 159-163, 
189, 163, [Fe(CN), "J[Fe(CN),*] 161, 
He" /Hg! 164, 180. 

Frenkel defect: — of ZnO 324. 

Frost diagrams: ~ of oxygen 182, — of manganese 
185, comproportionation 184, dispropor- 
tionation 184, E° of non adjacent redox 
couples from ~ 172. 

Fuchsin (magenta): 448, 459, 462-463, — bisulfite 
399, ~ test 365. 

Fulminating silver: 236, 392, 396, 416, 434. 

Fusion mixture: 95. 


Galvanic cell: 114, emf of — 117, 
Gamma (ү); 1. 

Gases as reagents: 208, 226. 
Glycerol: 263. 

Gold: — in alloys, coatings 6544. 
Griess-Hisovay test: 354. 

Gutzeit test: 271. 


HSB rule: applications of ~ 76, 84, 301, 303, 
377, 387, 388, 419, 460, 519. 

Heteropoly molybdates: 554, 557. 

Heteropoly tungstates: 561. 

Hexafluorosilicic acid: 386, 589. 

Hydrated proton (hydronium ion): 11, 162, 166 

Hydrazine sulfate: 238, 292. 

Hydrogen cyanide 211, poisoning actions of - 
648. 

Hydrogen peroxide: 303, 305, 306, 308, 331, 532, 
537, 545, 546, 550, 568. 

Hydrogen sulfide (H.S-water): 209, 235, 241, 
249, 253, 373, 408, 424, deprotonation equi- 
librium 373, 374r, in water 6484, poisoning 
action of — 648, 693p. 

Hydrosulfide: see hydrogen sulfide. 

Hydrolysis: 38, 41. 

Hydroquinone: 292. 

Hypobromite: ~ oxidation of Cr" 304, ~ Mn" 
323. 

Hypoiodite: 3404 (Mg). 

Hypochlorite: ~ oxidation of iodide 6504 

Hydroxylamine hydrochloride: 292. 


Identification limit: 3. 

Ignition test: 214, 447, 449. 

Indole: 354. 

Induced reactions: 5, 6, 252, 367. 

Infinite dilution: 79. 

Inorganic acids: ~ strengths of 667-668. 

Insoluble materials: 473-474, 610, 618, 626, 
6354, colours of — 516, treatment of ~ 517. 
~ halides 394, ~ silicates 442, ~ sulfates 384, 
= of rare elements 592, 598. 

Interfering anion radicals: 194, interfering actions 
of ~ 490, 494, 496, 500; removal / elimi- 
nation of — 490-498, 500. 
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lodate: 407), 408r, 409-410c, in presence of 
iodide 4864, interference by ~ 146, 496, 
elimination of ~ 496, iodate-iodide redox 
couple 146. 

lodide- 400/, 401-404r, 402¢, 479, 68504, distinc- 
tion from chloride, bromide 402, in presence 
of: chloride, bromide 4854, ~ iodate 4864. 

lodine: biological importance of ~ 650, in sea 
water 6504, reagent solution 693p, toxicity 
of ~ 650. 

lodine-azide reaction: catalysis of ~ 5. 369, 372, 
375, 377, 384, 467, 649, 

lon-exchange: 8. ~ equilibria 193, 493, — resins 
193, 493, phosphate sp by ~ 493. 

lonic potential: 38, 61, 526. 

lonic strength. 79, 126. 

Iron: 284j, 285-2887, 288-293c, $114, in conc. 
acids 6474, in alkali fluorides 6474, Latimer 
diagram of ~ 170, 172. Pourbaix diagram of 
~ 187, redox chemistry of ~ 293-295, 510. 

lso-amy! alcohol: 288, 306, 310, 311, 391. 

Isopoly molybdates: 553, 554. 

Isopoly tungstates: 561. 

Isopoly vanadates: 547. 


Kuso —e reagemt (Defacqz reac- 
tion). 564 

K4S.0, ( or P d oxidation of Cr 304, 
~ of Mn” 


Latimar diagrams: 169, 170, 172, 174, 175, 178, 
548, 555, 561, 564, disproportionation 
172-1741, E of non adjacent redox 
couples from — 171. 


Lead: 247i, 247-2497, 249.251, 504, 5064, in 
alkali sulfate 640d, ~ in sulfuric acid 600, 
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Magnesia mixture: 269p, 430. 

Magnesium; — 337r, 238-3400, 515, 5160, 
~ powder 510. 

Mg( NO, ),-NH,NO,-NH, reagent: 270. 

Magneson (1 and 11) reagents: 338, 515, 529, 

Manganese: 318-319/, 319-320r, 320-323c, 511, 
$134, Frost diagram of ~ 185, Latimer 
diagram of — 17$, oxidative fusion test of 
~ 488, Pourbaix diagram of ~ 190. 

Mn(NO,),-AgNO,-KF reagent: 438, 466, 700 p 

Mn(NO,), (or MnSO,)-NaOH reagent: 238. 

MnSO,-AgNO, reagent: 343, 699 p. 

MnSO,-benzidine reagent: 407. 

Mannitol-bromothymol blue reagent: 436. 

Masking-demasking reactions; 88, effect of stabil- 
ity constants on ~ 90, applications of ~ 83, 
218, 289-291, 293, 327, 527, 529, 531, $32, 
$45, 546, 553, 560, 647. 

Mercury (Hg, Hg"): 239/, 239-244r, 244-247e, 
504, 5064, distinction of Hg! and Hg" 241, 
disproportionation of Hg! 468. 

Mercuric chloride reagent: 326, 685p. 

Mercuric nitrate reagent: 380, 382, 685p. 

Mercuric nitrate-2,2' bipyridine reagent: 417. 

Methy! (or ethyl) borate test: 435, 438, 466, 467. 

Methyl orange: 290, 669p. 

Methylene blue-SnCl, reagent: 375-376. 

blue-hydrazine reaction: catalysis by 
Мо“ of ~ 6, 559, 560. 

Microgram (yg): 3. 

Microcosmic salt bead test: 440, 443, bead 
colours 457. 

Molybdenum: 554j, 554-560r, 560e, 477, 4994, 

~ complexes 289, 307, 311, Latimer dia- 
gram of ~ 555, redox chemistry of ~ 555- 
556 








Neutral ferric chloride solution: 75, 370p, 431, 
491p 

Neutralized Na.CO, extract: 476, 481 p. 

Nickel: 314i, 314-310 5r, 316-3180, 512, 5134, in 
presence of Cu, Co, Mn 318d, in presence 
of oxidants 317d, reaction with dimethyl 
glyoxime (DMGH,) 293, ~ DMGH-equilib- 
rium solution 489p. 


Nitrate: 355/, 356-359r, 359c, in presence of 
nitrite 359, 480, 484d, reduction to NH, 
358, thermal decomposition of ~ 355. 

Nitrite: 350), 351-353, 354-355c; 479, 484d; acid- 
base equilibrium 350; decomposition: 353, 
thermal —350; reduction to: NH, 352, ~ to 
NO 351 

p-Nitroaniline; 343, 

4-Nitrobenzeneazo-chromotropic acid (chromot- 
горе 28): 439-440. 

4-Nitrobenzenediazonium chloride: 343-344. 

m-Nitrobenzoic acid : 547, 

Nitron: 359-360. 

I -Nitroso-2-napthol: 312. 

2-Nitroso- I-napthol: 540. 

Nitroso-R-salt: 313. 

Nitrous acid (solution): 351. 


Organic liquids (solvents): 678-6801. 

Osmotic pressure: 113. 

Ostwald dilution law: 14. 

Overvoltage (overpotential): 168, 169. 

Oxalic acid: 274, 279, 287, 311, 320, 331, 378, 
444. 

Oxidation number: 97, ~ method 113. 

Oxidation-reduction electrodes: 119. 

Oxidation-reduction reactions: 94 see redox reac- 
tions. 

Oxidative fusion tests: 95, 302, 319, 458. 

Oxine  (S-hvdroxyquinoline) reagent: 338, 
515,552, 563, 568. 

Oxine (8-hydroxyquinoline)-K1 reagent: 254. 

Oxidizing agents: 467d. 

Paper chromatography: 8, 191, 192, sp of Cu, Cd 
264; ~ of ferricyanide 
anate 418, 419, ~ of Mo, W 556. 


Partition (distribution) coefficient: 195. 





Perchioric acid: 342. 

Perchromic acid test: 198, 306, 426, 511. 

Peroxo complexes: ~of Ti, V, 89. 198; Ti (5324). 
V(5504). 

рН: 12. 

pM of aqueous solutions of. acids 13-16, acetic 

acid 15, monochloroacetic acid 16, boric 

acid 47; ~ of bases: 169. aqueous ammonia 

175, — of buffer solutions (Handerson- 

Hasselbalch equation for ~ ): 18-2029, 31, 

48, 87; — acetic acid-acetate 20, 21, - 

ammonium chloride-ammonia 21-23, ~ bo- 

= (borax) 47, ~ carbonare-bicarbonate 
~ chromate-dichromate 420-422, ~ 

—— acid-fluoride 20, - "PDF 

H.PO, (2829) — H,PO, - HPO,” э! - 

of salt solutions: 34, — siete 40. 

ammonium acetate 44-45; — bifluoride 37, 

45, 385; ~ carbonate 45; ~ chloride 35, 36, 

~dihydrogen phosphate 29; ~ fluoride 37, 

45; ~sodium hydrogen phosphate 32; potas- 

sium cyanide 42; — bifluoride 35; sodium 

acetate 42, ~ bicarbonate 30, ~ carbonate 

4344, — fluoride 41, 42, — dihydrogen 

phosphate 30, ~ phosphate 33. zinc phos- 

phate 40. 

Pharaoh's serpents: 80. 

1, 10-phenanthroline: 244, 292, 557 

Phenol: 304, 564. 

Phenolphthaline: 343. 346, 349, 366, 382, 394, 
413, 463; — reduced 413; 669p 

Phenylhydrazine: 559. 

Phosphate: 4291, 429-43 |r, 431-433c; 470, 477, 
4934, buffer systems (pH) of ~ 428; 
distinction from arsenate 430, 432, 470, pH 
of precipitation of ~ 65, 68, 71, 73; interfer- 
ence by ~ 68, 75, 490; sp of ~: fer- 
ric chloride method 490, lead acetate method 
491, ion-exchange method 493. 

Phosphomolybdic acid: 217, $57. 

Phosphoric ue acid-sulfuric acid (POS) 


character: ~ of samples 446, 592, 605, 
611, 613, 619, 627. 
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Polvprotic acids: 25-34, ionization of orthophos- 
phoric acid 27, speciation of ~ 66. 

Post precipitation: 52. 

Potassium: 441/, 441-442c, 5164, 

Potassium salts as reagents: ~ chromate 236, 243, 
247: chromithiocyanate 255; ~ ethylxanthate 
558; ferricyanide 287, 327; ferrocyanide 
258, 287, 526-527, 334, 557, 566; — iodide 
236, 242, 247, 253; ~ perchlorate 342; - 
periodate 323; ~ permanganate 120, 212, 
331, 363, 383. ~ peroxodisulfate 304, 320; 
~ thiocyanate 288, 310; 

Potassium-zine-ferrocvanide: 363 

Pourbaix diagrams: 187, of iron 187, ~ of 
manganese 190, — of water 167. 

Preliminary tests: 9, 446, 575, 605, 611. 613, 619, 
628. 

Precipitation: — of hydroxides: pH adjustment of 
~ 62, sp of metal by = 63; ~ of phosphates 
68, pH of precipitation of 69-75, 431; — of 
sulfides 53, pH of precipitation of ~ 54-58, 
sp of metals by ~ 58. 

Probable compositions; assignment of ~ 600, 602, 
610, 612, 618, 626, 637. 

Prussian blue: 4, 287, 411, 415, 419, 437, 447, 
470, 485, 

Pyrocatechol (catechol): 533. 


Quinalizarin: 300, 339, 438. 528. 


Radicals: 1. 

Rare elements: 525. salt solutions of — 689-692p 

Reaction quotient: 60. 

Reagents: |, 208, 667p, ~ prepared in laboratory 
692-693. 

Recovery factors: 55, 57, 61, 68, 72, 74, 

Redox couples: 119. 

Redox electrodes: 119. 

Redox potentials: 119, Nernst equation of ~ 121, 
applications of ~ 275, 280, 294, 351, 360, 
412, ~ of adjacent and non-adjacent redox 
couples 124, 172; — diagrams 169. 

Redox reactions: 96, balancing by: ion-electron 
method 107-112, by oxidation number 
method 103-107; equilibrium constants of — 
— 94, 119, 123, 129, limiting values of ~ 124, 
132; feasibility of ~ 132-135. 


Reductive fusion tests: 384, 465. 

Reporting sheet for qualitative inorganic analysis: 
604. 

Respiratory chain blockers: 648 

Reducing agents: 467, 

References: 706-707. 

Rhodamine-B reagent; 275, 276, 510, 643, 654 å 

Rhodamine-B-benzoic acid-benzene reagent: 654. 

Rhodanine: 237 

Rhodizonic acid: 383, 384. 

Rinmann's green: 324, 

Rubeanic acid: 260, 314, 318. 


Salicylaldoxime: 262. 

Salt bridge: 113, 114. 

Sebacic acid: 547. 

Selective reactions (selectivity): 5, 369, 375, 377. 
489, 

Semi-micro apparatus: agate mortar 214, air bath 
217, anti bumping tube 218, Barnes drop- 
ping bottle 205, boiling tube 210, capillary 
droppers 203, centrifuges 221, centrifuge 
tubes 201, cotton filters 219, drop reaction 
paper 206, Emich filter sticks 221, filter 
tubes 219, fume chamber / cupboard / hood 
217, glass- porcelain wares 229, graduated 
dropper pipette 203, hand suction filter pi- 
pette 220, hot block 215, Kipp's apparatus 
209, metallic utensils 230, mica foil 458, 
mini gas generator 227, mortar 214, reagent 
hottles 204, reagent droppers 203, spatula 
205, 214, pipette bottle 205, platinum wire 
451, spot plate 202, stirring rod 203, 
streamer 227, test tubes 201, ~ brush 202, 
~ holder 202, transfer capillary 203, water 
bath 216. 

Semi-micro operations: centrifugation: theory of ~ 
224, collection of centrifugate 223; cleaning: 
~ of apparatus 213, ~ of platinum wire 455, 
drying 214, distillation 228-229, evaporation 
214, fusion 214; heating 214, — of solutions 
218, identification of gases 226-229, trans- 
ferring 218, washing of precipitate 223. 

Sensitivity: 2. 

Scheele's green: 2684. (As). 

Schiff's reagent: 366. 


17141 





Separation techniques: 61, 83, 191-195, 218, 490. 

Silica / silicate / silicic acid: 440-442), 442-443r, 
443-445c, insoluble — 4424, 595; in pres- 
ence of phosphate, arsenate 443-4444; inter- 
ference by ~ 442, 443, 495, removal of ~ 
495, 500. 

Silicic acid; 386, 389, 441-442. 

SIF -molybdenum blue-benzidine blue test: 441, 
443, 461, 468. 

Silicomolybdic acid: 389, 443, 

Silicotungstic acid: 561. 

Silver: 2351, 235-236r, 236-238c, 504d: ~ ammine 
complexes, stability constants of 80, (see 
fulminating silver), ~chloride, solubility of 
50, 

Silver halides (insoluble): 522, 5034. 

Silver mirror test: 238. 

Sodium: 3404c. 356d. 

Sodium azide: 353, 358. 

Sodium bismuthate: 321, 458. 

Sodium carbonate bead test: 458. 

Sodium carbonate-phenolphthalin reagent: 349. 

Sodium salts as reagents: ~ cobaltinitrite 341. ~ 
cobaltinitrite-silver nitrate reagent 341, ~ 
dihydrogen tartarate osazone 334, ~ hydro- 
gen tartarate 330, 342, ~ hypobromite 323, 
~ hypochlorite 315, 397, 402, ~ hypoiodite- 
KI 340, ~ mercurisulfide 640, ~ nitroprus- 
side 363-364, 375, ~ perborate 303, ~ per- 
chlorate 342, — periodate 323, — potassium 
tartarate 316, 322, 551, 552, — stannite 5, 
235, 252, 239p, 468p, 506, — sulfide solution 
241, ~ tetrapheny! boron 342, ~ thiosulfate 
6, 259, 311. 

Sodium rhodizonate: 251, 330, 332, 335-337, 383, 
640, 648. 

Solid reagents: 208, 670-678. 

Solubility: ~ of sparingly soluble salts 52, 80, 
effect of pH on ~ 53, effect on formal 
potentials of ~ 158. 

Solubility products: 59-60, 659-6611, ~ principle: 
applications of ~ 256, 264, 313, 329, 332, 
336, 337, 378, 486, 487, 491, 530, 640, 646. 

Solution of salts (reagents): 35, 681-689p. 

Solvent extraction; 191. 


SO,-waler (reagent): 211p, 331, 408-409, 423, 
486, 488, 693p. 

Special reagents (solutions): 208, 694-7055. 

Specificity (specific reactions): 5, 393, 568-569. 

Spot reactions (tests): 200, applications of ~ 572, 
638. 

Stability constants: (cf. complexes). 

Stannous chloride solution: 272, 278, 688p. 

snCl,-NH,SCN-HCI reagent: 556, 562. 

SnCl,-2,2' -bipyridine-HCl reagent: 557. 

Standard electrode potentials: (cf. electrode poten- 
tials / redox potentials), ~ of redox systems: 
from Frost diagrams 183, ~ involving Н” and 
H,O 128, ~ not involving H^ and H,O 125. 

Standard (normal) hydrogen electrode (SHE / 
NHE): 116. | 

Starch indicator solution: 403, 404, 693p, ~ iodine 
solution (paper): 145, 361, 371, 374, 410, 
~ KI solution (paper): 76, 351-352, 356, 
390, 396, 423, 448, 459, 463. 

Stokes law: — application of 225. 

Strontium: 3324rc, 5154, — sulfate (insoluble) 
557, 5954. 

Sublimation / sublimate: 239, 266, 342, 440, 447, 
449. 

Sulfanilic acid: 353-354, 359. 

Sulfate: 381-3837, 383-385c, 478, 48341, insoluble 
~ 384, 5184. 

Sulfide: 373-375ir, 375c, 476, 478-479, 4824, 
hydrolysis of ~ 373, in presence of 
hydrosulfide 3764. 

Sulfite / bisulfite: 360i, 361-363r, 563-369c, 478, 
483d: acid-base equilibria of — 360, 
autooxidation of ~367, distinction 367, re- 
dox equilibria of ~ 360, in presence of 
sulfide. thiosulfate 3644, 366d, reduction to 
sulfide 360. 

Sulfosalicylic acid reagent: 289, 304, 404, 654. 

Sulfur fusion test for SnO, (insoluble): 5214. 


Tannic acid: 552. 

Tartaric acid: — as masking agent 293, 311, 342, 
432, 444, — tartarate buffer 330, 640. 

Tasmanian wakama: 650. 

Tetrabase: 323, 650, 651. 

Thallium: 643-6454. 
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Thiocvanate; 377г, 380c, 478d, decomposition 
of — 377, ~ in presence of: halides 378, 580, 
~ thiosulfate, sulfide 3804, ~ ferricyanide, 
ferrocyanide 4854; interference by ~ 497, 
removal of — 498, sp from halides 378, 

Thioglycolic acid: 284, 290, 292, 6464. 

Thioglycolic acid-!,)0-phenanthroline (ог 2,2" 
-bipyridine) reagent: 647. 

Thio Michler's ketone: for halides (Cl, Вг, Г) 
6524, 

Thiosulfate: 3697, 370r, 371c, 478, 4794, * in 
presence of sulfide 372d. 

Thorium: 545-546r. 547c. 

Tin: 278i. 279-281, 281-284c, 499, 5100, ~ in 
presence of Sb 2744. 

Tin dioxide (insoluble): 318, 521, 522, 5934, 
luminescence test of ~ 522c, volatilization 
test of ~ 5210. 

Titan yellow reagent: 339, 515. 

Titanium: 530/, 531r, 532c, ~ in presence of other 
elements 5344. 

Trace catchers (collectors): 638, 640, 644, 647. 

Trace elements in real samples: 6384. 

Triboluminiscence: 565. 

Triiodide (15) complex: 76, stability constant of 
~ 156. 

Tris-2,2"-bipyridine Fe(II) iodide reagent: 264p. 
265 (cadmium). 

Tris-ethylenediamine МИП) nitrate (or chloride) 
reagent: 371, 700p. 

Tungsten: 5614, 561-562r, 562-563c, 477, 4994; 
distinction from Mo 562, Latimer diagram 
of ~561; isopoly-, heteropoly-tungstates 
561. 

Tungsten blue: 562-563. 

Tungstic acis; 561. 


Turmeric (curcuma): 436 
Turnbulls blue: 287. 
Tutton salt: 548. 


Urea: 353. 

Uranium: 5654, 565-571, 571c; fluorescence test 
of ~ 570, ~ in presence of Fe, Cul! 567,4. 
~ in minerals 6534; Latimer diagram of ~ 
564, uranate-diuranate equilibrium 564. 


V anadium: 548i, 549-550r, 550-5542, 477, 4994. 
Latimer diagram of ~ 548, redox chemistry 
of ~ 549, 


Vanadic acids: 547. 
Volt equivalent: 181. 
Vogel's reaction: 310. 


Water: autoprotolysis of — 10, 11, 13; ionic 
product of ~ 11, oxidation of ~ 168, reduc- 
tion of ~ 169, Pourbaix diagram of ~ 167, 
stability field of — 167. 

Wet reactions (tests): 9, 472, — for anions 480хе, 
~ for cations 4995с. see analysis. 

White insoluble residues: 5944. 

Work bench apparatus and reagents: 279. 


Yellow ammonium sulfide reagent: 267, 273, 
279, 682p. 


Zinc: 324i, 324-326r, 326-329c, 499, 5134; 
distinction from Al 3264. 

Zinc oxide: amphoterism of — 92, crystal defect 
of — 324. 

Zinc compounds as reagents: — sulfide slurry 
256p, 256, 263, 264, — nitroprusside 364, 
~ uranyl acetate 340, 341. 

Zirconium: 535-537r, 537c. 

Zirconium-alizarin-lake reagent: 387. 

Zirconium-p-dimethylaminoazopheny! arsonate 
reagent: 388. 


SERRA VERO ODER RUE REA EEUU ERROR 


* 
х 
Е "I was never a more bonafide student than today” 
E — Acharya Sir P. C. Ray 
* 
* 


S ТТТ... Жели Menit M n УНЕ. 


3 * * * * * * o 
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